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COMPOUNDS WITH GROWTH HORMONE 
RELEASING PROPERTIES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. Applica- 
tion No. 09/337,809, tiled on Jim. 21 , 1 999, now abandoned, 
which claims the benefit under 35 U.S. C. 119 of U.S. Provi- 
sional Application No. 60/091,786, filed Jul. 6, 1998, and 
U.S. Provisional Application No. 60/108,369, filed Nov. 13, 
1998, and which claims priority of Danish Application No. 
PA 1998 00857, filed Jun. 30, 1998, and Danish Application 
No, PA 1998 01440, filed Nov. 9, 1998, the contents of 
which are ftiUy incorporated herein by reference. 

FIELD OF INVENTION 

The present invention relates to novel compounds, com- 
positions containing them, and their use for treating medical 
disorders resulting from a deficiency in growth hormone. 

BACKGROUND OF THE INVENTION 

Growth' hormone is a hormone which stimulates growth of 
all tissues capable of growing. In addition, growth hormone 
is known to have a number of effects on metabolic processes, 
e.g., stimulation of protein synthesis and free fatty acid 
mobilisation and to cause a switch in energy metabolism 
from carbohydrate to fatty acid metabolism. Deficiency in 
growth hormone can result in a number of severe medical 
disorders, e.g., dwarfism. 

Growth hormone is released from the pituitary. The 
release is under tight control of a number of hormones and 
neurotransmitters either directly or indirectly. Growth hor- 
mone release can be stimulated by growth hormone releas- 
ing hormone (GHRH) and inhibited by somatostatin. In both 
cases the hormones are released from the hypothalamus but 
their action is mediated primarily via specific receptors 
located in the pituitary. Other compounds which stimulate 
the release of growth homione from the pituitary have also 
been described. For example arginine, L-3,4- 
dihydroxyphenylalanirje (L-Dopa), glucagon, vasopressin, 
PACAP (pituitary adenylyl cyclase activating peptide), mus- 
carinic receptor agonists and a synthetic hexapeptide, GHRP 
(growth hormone releasing peptide) release endogenous 
growth hormone either by a direct effect on the pituitary or 
by affecting the release of GHRH and/or somatostatin from 
the hypothalamus. 

In disorders or conditions where increased levels of 
growth homione is desired, the protein nature of growth hor- 
mone makes anything but parenteral administration non- 
viable. Furthermore, other directly acting natural 
secretagogues, e.g., GHRH and PACAP, are longer polypep- 
tides for which reason parenteral administration is preferred. 

The use of certain compounds for increasing the levels of 
growth homione in mammals has previously been proposed, 
e.g. in EP 18 072, EP 83 864, WO 8302272, WO 89071 10, 
WO 8901711, WO 8910933, WO 8809780, WO 9118016, 
WO 9201711, WO 9304081, WO 9413698, WO 9517423, 
WO 9514666, WO 9615148, WO 9622997, WO 9635713, 
WO 9700894, WO 9722620, WO 9723508, WO 9740023, 
and WO 9810653. 

The composition of growth hormone releasing com- 
pounds is important for their growth hormone releasing 
potency as well as their bioavailability. It is therefore an 
object of the present invention to provide novel compounds 
with grow tli hormone releasing properties. Moreover, it is an 



object to provide novel growth hormone releasing com- 
pounds (growth hormone secretagogues) which are specific 
and/or selective and have no or substantially no side-effects, 
such as e.g. release of LH, FSH, TSH, ACTH, vasopressin, 
5 oxytocin, Cortisol and/or prolactin. It is also an object to 
provide compounds which have good oral bioavailability. 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is provided 
10 novel compounds which act directly on the pituitary cells 
under normal experimental conditions in vitro to release 
growth homione therefrom. 

These growth hormone releasing compounds can be .uti- 
lized in vitro as unique research tools for understanding, 
inter alia, how growth hormone secretion is regulated at the 
pituitary level. 

Moreover, the growth hormone releasing compounds of 
the present invention can also be administered in vivo to 
20 increase endogenous growth hormone release. 

DESCRIPTION OF THE INVENTION 

Accordingly, the present invention relates to a compound 
of the general formula I 



formula I 



(CHR 



35 wherein 

R l is hydrogen or Cj^-alkyl; 
R z is hydrogen or C,_ 6 -alkyl; 
L is 




R* R 10 
-N P 



50 wherein R 4 is hydrogen or C N6 alkyl; 
p is 0 or 1 ; 

q, s, t, u are independently from each other 0, 1 , 2, 3 or 4; 
r is 0 or 1 ; 

55 the sum q+r+s+t+u is 0, 1 , 2, 3, or 4; 

R 9 , R 10 , R 1 \ and R 12 are independently from each other 

hydrogen or C,.© alkyl; 
Qis >N— R I3 or 



R 



wherein o is 0, 1 or 2; 

T is — N(R 15 XR ,(S ) or hydroxy!; 
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R 13 , R 15 , and R 1<5 are independently from each other 

hydrogen or C,_ 6 alkyl; 
R M is hydrogen, aryl or hetaryl; 
Gis — O — (CH 2 } k — R 1 7 , 



R' 7 




wherein R 17 , R 18 , R lp , R 20 and R 21 independently from 30 
each other are hydrogen, halogen, aryl, hetaryl, C^- 
alkyl or C lH5 -alkoxy; 

k is 0, I or 2; 

J is — O — (CH 2 ) t — R", 



R 22 




wherein R 22 , R 2J \ R 2 " 1 , R 25 an'd R 26 independently from «o 
each other are hydrogen, halogen, aryl, hetaryl, C,. 6 - 
alkyl or C^-alkoxy; 

1 is 0, 1 or 2; 
a isO, l,or2; 

65 

bisO, l,or2; 
c is 0, 1, or 2; 
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d is 0 or 1 ; 

e is 0, J, 2, or 3; 

f is 0 or 1 ; 

R 5 is hydrogen or C,^-alkyl optionally substituted with 

one or more hydroxyl, aryl or hetaryl; 
R 6 and R 7 are independently from each other hydrogen or 
C,_ e -alkyl, optionally substituted with one or more 
halogen, amino, hydroxyl, aryl, or hetaryl; 
R 8 is hydrogen or C U6 -alkyl, optionally substituted with 
one or more halogen, amino, hydroxyl, aryl, or hetaryl; 
R 6 and R 7 or R 6 and R 8 or R 7 and R 8 may optionally form 
— (CH 2 ), — U—(CH 2 )y— , wherein i and j indepen- 
dently from each other are 1 , 2 or 3 and U is — O — , 
— S — , or a valence bond; 
M is arylene, hetaryleue, — O — , — S — or 

— CR 27 =CR 28 — ; 
R 27 and R 28 are independently from each other hydrogen 
or C,_ tf -alkyl, optionally substituted with one or more 
aryl or hetaryl; 
or a pharmaceutical^ acceptable salt thereof 

Moreover, the compounds of formula I may comprise any 
optical isomers thereof, in the form of separated, pure or 
partially purified optical isomers or racemic mixtures 
thereof. Whenever one or more chiral carbon atoms are 
present such chiral center or centers may be in the R- andVor 
S-configuration, or a mixture of R and S. 

Furthermore, the compounds of formula I may have one 
or more carbon-carbon double bonds with the possibility of 
geometric isomer, and it is intended that possible stereoiso- 
mers (E or Z isomers) are included in the scope of the 
invention, unless a special geometric isomer is specified. 

In one embodiment of the compound of formula I R 1 is 
C^-alkyl, such as C^-alkyl, in particular methyl. In a sec- 
ond embodiment R 1 is hydrogen. 

In a further embodiment of the compound of formula I R 2 
is C,. 6 -alkyl, such as C U6 -alkyl, in particular methyl. 

hi a still further embodiment of the compound of formula 
ILis 




wherein R 1 is hydrogen or C, _ 6 alkyl; 
p is 0 or 1 ; 

q, s, t, u are independently from each other 0, I, 2, 3 or 4; 
r is 0 or 1 ; 

the sum q+r+s-K+u is 0, 1 , 2, 3, or 4; 

R 9 , R 10 , R 11 , and R 12 are independently from each other 

hydrogen or C j , G a Iky 1 ; 
Q is >N—R ! 3 or 

R 14 
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wherein o is 0, 1 or 2; 

T is — N(R l5 KR 1<s ) or hydroxy]; 

R 13 , R 15 , and R 16 are independently from each other 
hydrogen or C U6 alkyl; 

R M is hydrogen, aryl or hetaryl. hi one embodiment R 4 is 
hydrogen, hi a second embodiment R 4 is Chalky!, 
such as C lw -alkyl, in particular methyl, hi a third 
embodiment p is 0. In a further embodiment q is 0. hi a 
still further embodiment q is 1 . In a further embodiment 
s is 0. In a still further embodiment s is 1. In a further 
embodiment I is 0. Li a still further embodiment t is K 
hi a further embodiment u is 0. In a still further embodi- 
ment u is 1 . hi a further embodiment r is 0. In a still 
further embodiment r is 1 . hi a further embodiment R 9 
is hydrogen, hi a still further embodiment R 9 is Ch- 
alky I, such as C t _ 4 -alkyl, in particular methyl, hi a fur- 
ther embodiment R 10 is hydrogen, hi a still further 
embodiment R 10 is C,^- alkyl, such as C U4 -alkyl, in 
particular methyl. In a further embodiment R u is 
hydrogen, hi a still further embodiment R u is Ch- 
alky I, such as C,.., -alkyl, in particular methyl. In a fur- 
ther embodiment R 12 is hydrogen. In a still further 
embodiment R ,r is- C^-alkyl, such as -alkyl, in 
particular methyl. In a further embodiment Q 
is >N — R 13 . hi a still further embodiment R 13 is hydro- 
gen, hi a further embodiment R 13 is C^-alkyl, such as 
C^-alkyl, in particular methyl. In a still further 
embodiment Q is 

R 14 

>w 

In a still further embodiment R 14 is hetaryl, In particular 
thiazolyl. hi a further embodiment R 14 is hydrogen. In a still 
further embodiment o is 0. hi a further embodiment o is 1 . In 
a still further embodiment T is hydroxy 1. In a further 
embodiment T is — N(R ,5 )(R 16 ). hi a still further embodi- 
ment R ,s is C N<5 -alkyl, such as C 1-4 -alkyl, in particular 
methyl. In a further embodiment R 1S is C^-alkyl, such as 
Cj^-alkyl, in particular methyl. 

In a further embodiment of the compound of formula I L 

is 



R 9 R'° 

(/^\). 

N Q 

R 12 R 11 

wherein q, s, t, u independently from each other are 0, 1,2, 

3 or 4; 
r is 0 or 1 ; 

the sum q+r+s+t+u is 0, 1 , 2, 3, or 4; 
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R 9 , R 10 , R 11 , and R 1 2 are independently from each other 

hydrogen or C lr6 alkyl; 
Q is>N— R 13 or 

5 



R" 

wherein o is 0, 1 or 2; 

T is — N(R 15 )(R 1(S ) or hydroxy 1; 

15 R 13 , R 15 , and R 16 are independently from each other 
hydrogen or C u6 alkyl; 
R 14 is hydrogen, aryl or hetaryl. In one embodiment q is 0. 
hi a second embodiment q is 1 . In a third embodiment s 

20 is 0. In a further embodiment s is I. In a still further 
embodiment t is 0. In a further embodiment t is I . In a 
still further embodiment u is 0. hi a further embodiment 
u is 1, In a still further embodiment r is 0. In a further 
embodiment r is I . hi a still further embodiment R 9 is 

25 hydrogen. In a still further embodiment R 9 is C^- 
alkyl, such as C^-alkyl, in particular methyl. In a fur- 
ther embodiment R 10 is hydrogen. In a still further 
embodiment R 10 is C^-alky!, such as C^-alkyl, in 
particular methyl, hi a further embodiment R 11 is 

-° hydrogen, hi a still further embodiment R 11 is C,. 6 - 
alkyl, such as C^-alkyl, in particular methyl, hi a fur- 
ther embodiment R 12 is hydrogen. In a still further 
embodiment R 12 is C^-nlkyl, such as C^-alkyl, in 
particular methyl. In a further embodiment Q 

35 is >N — R 13 . In a still further embodiment R l 3 is hydro- 
gen. In a still further embodiment R 13 is C^ 6 -alkyl, 
such as C,. 4 -alkyl, in particular methyl. In a further 
embodiment Q is 



R H 

In a still further embodiment R 14 is hetaryl, in particular 

50 thiazolyl. In a further embodiment R t4 is hydrogen. In a still 
further embodiment o is 0. In a further embodiment o is 1 . hi 
a still further embodiment T is hydroxy!. In a further 
embodiment T is — N(R 15 )(R ltf ). In a still further embodi- 
ment R 15 is C^-alkyl, such as C^-alkyl, in particular 

55 methyl. In a further embodiment R 16 is C^-alkyl, such as 
C,_ 4 -alkyl, in particular methyl. 

hi the compound of the above formula I L is preferably 
4-hydroxy-4-(2-thienyl)piperidino, (3 -hydroxy cyclohexy 1) 
amino, 4-(N,N-dimethylmnino)piperidino, N-methyl-N-(l- 

fl0 methylpiperidin-4-yl)amino), 4-((N,N-dimethylamino) 
methyl)piperidino ( 4-methylpiperazino, (2,2,6,6- 
tetramethylpiperidine-4-yl)amino, 4-hydroxypiperidino, 
(3S)-3-((N > N-dimethylamino)metliyl)piperidino, (2S)-2- 

65 ((N,N-dimetliylanuno)methyl)pyrrolidino. 

hi a still further embodiment of the compound of formula 
IGis 
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wherein R 17 ,R 18 , R 19 , R 20 and R 21 independently from each 
other are hydrogen, halogen, aryl, hetaryl, C,_ 6 -alkyl or 
C,_ 6 -alkoxy. hi one embodiment R 17 is hydrogen. In a sec- 
ond embodiment R 1S is hydrogen, hi a third embodiment 
R' 9 is hydrogen, hi a further embodiment R' 9 is aryl, in 
particular phenyl. In a still further embodiment R 20 is hydro- 
gen. In a further embodiment R 21 is hydrogen, hi the com- 
pound of the above formula I G is preferably 2-naphthyl or 
biphenyl-4-yl. 

hi a further embodiment of the compound of formula I J is 




N 

R 8 (CR*R 



wherein R 22 , R 2 \ R 24 , R 25 and R 2<s independently from each 
other are hydrogen, halogen, aryl, hetaryl, C U6 -alkyl or 
C^-alkoxy. In one embodiment R 22 is hydrogen, hi a sec- 
ond embodiment R 23 is hydrogen. In a third embodiment 
R 24 is hydrogen, hi a further embodiment R 24 is halogen, in 
particular fluorine. In a still further embodiment R 25 is 
hydrogen, hi a further embodiment R 26 is hydrogen. In the 
compound of the above formula I J is preferably phenyl, 
4-fluorophenyl or 2-thienyl. 

In a still further embodiment of the compound of formula 
I a is 1 . 

In a further embodiment of the compound of formula I b is 

1. 

In a still further embodiment of the compound of formula 
IcisO. 

hi a further em bodiment of the compound o f formula I d is 45 wherein 

0. 

hi a still further embodiment of the compound of formula 
I M is arylene or — CR 27 =CR 28 — , wherein R 27 and R 28 
independently from each other are hydrogen or C^-alkyl, 
optionally substituted with aryl or hetaryl. hi one erabodi- 50 
meut M is arylene, in particular phenylene. hi another 
embodiment M is CR 2 — CR 28 — , wherein R 27 and R 28 
are independently hydrogen or C^-alkyl. In a further 
embodiment R 21 is hydrogen. In a still further embodiment 
R 27 is C^-alkyl, in particular niethyl. In a further embodi- 55 
ment R 28 is hydrogen. In a further embodiment M is the 
E-isomer of CR 27 =CR 28 — . In the compound of the above 
formula I M is preferably ethenylene, 1,3-phenylene or 1,2- 
propenylene. 

In a further embodiment of the compound of formula I e is 60 

0. 

In a still further embodiment of the compound of formula 
IeisO. 

In a further embodiment of the compound of formula I f is 



hi a further embodiment of the compound of formula I R 6 
and R 7 are independently from each other hydrogen or C t . d - 
alkyl. In one embodiment R 6 is hydrogen, hi a second 
embodiment R tf is C^-alkyl, in particular methyl. In a third 
5 embodiment R 7 is hydrogen, hi a further embodiment R 7 is 
C,_ s -alkyl, in particular methyl. 

hi a still further embodiment of Hie compound of formula 
I R 6 and R 7 or R 6 and R 8 or R 7 and R 8 may optionally form 
io _(CH 2 ),- U — (CH 2 )j— , wherein i and j independently 
from each other are I or 2 and U is — O— , — S— , or a 
valence bond. 

hi a further embodiment of the compound of formula I R 6 
is and R" form — (CH 2 ),— U— <CH 2 ),— , wherein i and j inde- 
pendently from each other are 1, 2 or 3 and U is — O — , 
— S — , or a valence bond. In one embodiment the sum i+j is 
3. hi a second embodiment U is a valence bond, hi a particu- 
lar embodiment (CR 6 R 7 ) is cyclobutyl. 

20 

In a still further embodiment of the compound of formula 
I R 6 and R 7 form — (CH 2 ) ( — U— (CH 2 ) y — , wherein i and j 
independently from each other are I or 2 and U is — O — , 
— S — , or a valence bond. In one embodiment the sum i+j is 
23 3. In a second embodiment U is a valence bond, hi a particu- 
lar embodiment (CR^R 7 ) is cyclobutyl. 

In a further embodiment of the compound of formula I R 8 
is hydrogen. In a second embodiment R 8 is C,_ tf -alkyl, in 
30 particular methyl. 



hi a special embodiment the present invention relates to a 
compound of the general formula I 



formula I 




R 1 is hydrogen or C K6 -alkyl; 
R 2 isC t _ 6 -alkyl; 
Lis 




R 9 R J0 
-N 9 

M 

R 12 R 11 



0. 

hi a still further embodiment of the compound of formula 
If is 1. 



wherein R 4 is hydrogen or Ci , rt alkyl; 
p is 0 or 1 ; 

q, s, t, u are independently from each other 0, 1, 2, 3 or 4; 
r is 0 or 1 ; 

the sum q+r+s+t+u is 0 t 1, 2, 3, or 4; 
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R*, R t0 , R n , and R 12 are independently from each otlier 

hydrogen or C,. 6 alkyl; 
Qis >N— R l3 or 

R 14 

wherein o is 0, 1 or 2; 
T is — N(R ,5 )(R 16 ) or hydroxyl; 
R 13 , R 15 , and R 16 are independently from each other 

hydrogen or C\. tf alkyl; 
R w is hydrogen, aryl or hetaryl; 
G is 



R 17 




20 



wherein R 17 , R 18 , R 19 , R 20 and R 2 ' independently from 
each otlier are hydrogen, halogen, aryl, hetaryl, C U6 - 
alkyl or C^-alkoxy; 

J is 



R 22 




45 

wherein R 72 , R 23 , R 24 , R 25 and R 26 independently from 
each other are hydrogen, halogen, aryl, hetaryl, C,^- 
alkyl or C i ^-alkoxy; 

a is 0, 1 , or 2; 

bisO. l.or2; 50 
c is 0, 1, or 2; 
d is 0 or 1 ; 
eisO, 1,2; or 3; 

fisOorl; 55 
R 5 is hydrogen or Cj^-alkyl optionally substituted with 

one or more hydroxyl, aryl or hetaryl; 
R 6 and R 7 are independently from each other hydrogen or 

Cj^-alkyl, optionally substituted with one or more 6Q 

halogen, amino, hydroxyl, aryl, or hetaryl; 
R 8 is hydrogen or C^-alkyl, optionally substituted with 

one or more halogen, amino, hydroxyl, aryl, or hetaryl; 
R tf and R 7 or R 6 and R 8 or R 7 and R 8 may optionally form 

— (CH 2 ), — U — (CH 2 ) > — , wherein i and j indepen- 65 

dently from each other are 1, 2 or 3 and U is — O — , 

— S — , or a valence bond; 
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M is arylene or — CR 27 =CR 28 — ; 

R 27 and R 28 are independently from each other hydrogen 
or C^-alkyl, optionally substituted with one or more 
aryl or hetaryl; 
or a pharmaceutical^ acceptable salt thereof. 

Preferred compounds of formula I of the invention are: 
(2E)-5-Amino-5-methylhex-2-enoic acid N-((1R)-1-{N- 

[(IR)-l-benzyl-2-(4-(u^methylajnmo)metliyl)piperidin-l- 

yl)-2-oxoethyl]-N-methylcarbamoyl}-2-(2-naphthyl) 

ethy l)-N-methylamide 




(2E)-5-Amino-5-methylhex-2-enoic acid N-((1R)-1-{N- 
[(lR)-l-benzyl-2-((3S)-3-(dimethylaminomethyl) 
piperidin-l-yl)-2-oxoethyl]-N-methylcarbamoyl}-2-(2- 
naphthyl)ethyl)-N-methylamide 




CH 3 



(2E)-4-( l-Aminocyclobutyl)but-2-enoic acid N-((l R)- 1- (N- 
[(lR)-l-ben2yl-2-((3S)-3-(diraethylaminomethyl) 
piperidin- 1 -yl)-2-oxoethyl]-N-methylcarbamoy l}-2-(2- 
naphthyl)elhyl)-N-methylamide 
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(2E)-5-Amino-5-methylhex-2-enoic acid N-((1R)-1-{N- 
t(lR)-l-benzyl-2-((2S)-2-((dimethylaniino)methyI) 
pyrrolidin-l-yl)-2-oxoetliyl]-N-niethylcarbamoyl}-2-(2- 
naphthyl)elhyl)-N-methylaniide 



12 



(2E)-5-Amino-5-methylhex-2-enoic acid N-methyl-N- 
[(JR)-1-(N-methyl-N-{(]R)-l-fN-methyl-N-(l- 
methylpiperidin-4-yl)carbamoyl]-2- 
phenyleiliyl}carbamoyl)-2-(2-naplithyl)ethyl]amide 




HjC ch ? ° = CH 3 ° 



H 2 N 




CHj O 




N 
I 

CH 3 



CH 3 



N-(( 1R)-1-{N-[(1R)-1 -Denzyl-2-((2S )-2-(dimethylamino) 
methyl)pyrrolidiu- 1 -yl )-2-oxoethylj-N- 
methylcarbamoyl}-2-(2-naphthyl)ethyl)-N-methyl-3- 
((methylamino )niethy l)benzamide 



3-Aminomethyl-N-((lR)-l-{N-[(lR)-l-benzyl-2-(4- 
methylpiperazin- 1 -yl )-2-oxoethy I] -N-raethylcarbamoyU- 
2-(2-naphtliyI)ethyJ)-N-metliy]benzamide 





CH % AS 



(2E)o-Amino-5-methy]hex-2-enoic acid N-((iR)-l-{N- 
(( 1 R)- 1 -benzyl-2-(4-(dimethylamino)piperidin- 1 -yl)-2- 
oxoethyl]-N-methylcarbamoyl}-2-(2-naphthyl)ethyl)-N- 50 
methylaiiiide. 



CH 3l 



(2E)-5-Amiuo-5-methyihex-2-enoic acid N-((1R)-1-{N- 
[( 1 R)- 1 -benzy l-2-(4-methy lpiperazin- 1 -yl)-2-oxoethyl]- 
N-methytcarbamoyl}-2-(2-naphthyl)elhyl)-N- 
methylamide 



H-.N 




55 



60 





/ CH 3 O 

CH 3 O t 



CH-, 
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(2E)-5-Amiiio-5-methylhex-2-enoic acid N-methyl-N- 
((lR)-l-{N-niethyl-N-[(lR)-2-phenyI-l-((2,2 ) 6,6- 
tetramelhyIpiperidiii-4-yl)carbanioyl)ethyI]carbamoyI}- 
2-(2-naphthyl)ethyl)amide 



(2E)4-(l-Aniinocydobutyl)but-2-enoic acid N-((1R)1-{N- 
[(lR)l-benzyl-2-(4-uietliylpipera2iii-l-yl)-2-oxoethyl]- 
N-methylcarbamoyl}-2-(2-naphthyl)ethyl)-N- 
metliylamide 




H 3 C CHj 



I II 1 H CH j 



CH, O 



15 H 2 N 



20 




CH, O 




(2E)-5-Amino-3 1 5-dimelhylhex-2-enoic acid N-((1R)1-{N- 
[(lR)l-benzyl-2-(4-methylpiperazin-l-yl)-2-oxoethyl]- 
3-Aminomelhyl-N-methyl-N-((lR)l-{N-meUiyl-N-[(lR)-2- N-mctliylcarbamoy]}-2-(2-naphthyl)ethyl)-N- 
phenyl-l-((2,2 1 6,64etramethylpiperidin-4-yl]carbamoyl) 25 mcthylamide 
ethyl] carbamoyl }- 2-(2-naplitliyl )ethy 1 )bcnzamide 




^ch 3 , 



(2E)-5-Amino-3,5-dimethylhex-2-enoic acid N-methyl-N- 
(( 1R)- 1 - {N-methyl-N-[( I R)-2-phenyl- 1-((2 2,6,6- 
tetraiiielhylpiperdm-4-yl)carbamoy] )ethyl]carbamoyl } -2- 
(2-naphthyl)ethyl)amide 



H 2 N 



/ CH, O 
CH, O 



H 3 C CH 3 CH 3 ° / CH 3 ° 

CH 3 O I ^\^ N > 

/A 



(2E)-4-( 1 - Aininocyclobuty l)but-2-enoic acid N-(( 1 R)- 1 - (N- 
45 [( 1 R)- 1 -beiizyl-2-(4-bydroxypiperidin- 1 -yl> 2-oxoetliyl]- 
N-Diethylcarbamoyl}-2-(bipheny.l-4-yl)ethyl)-N- 
methylamide 



50 



55 




CH 3) 



60 



65 



H 2 N 





CH 3 O 




rvrxx 
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(2E)-5-Amino-5-iiiethylhex-2-enoic acid N-((1R)-1-{N- 
[(lR)-l-beiizyl-2-(4-hydroxypiperidm-1-y))-2-oxoetl]yl]- 
N-methyIcarbamoyl}-2-(biphenyl-4-yl)ethyl)-N- 
methylamide 



(2E)-5-Amino-3,5-diracthyIhex-2-enoic acid N-((1R)-1-{N- 
[( 1 R)- 1 -benzyl-2-(4-hydn>xypiperidin- 1 -yl)-2-oxoethyl]- 
N-methylcarbamoyl }-2-(2-naphthyl)ethyl)-N- 
raethylamide 




10 




h 3 c ch 3 o 4 ch 3 o 



(2E)-5-Ainino-3 1 5-diraethylhex-2-enoicacid N-((1R)-1-{N- 
[( 1 R)- 1 -benzyl- 2-(4-hydroxypiperidin- 1 -yl)-2-oxoethyl]- 
N-methylcarbanioyl}-2-(biphenyl-4-yl)ethyl)-N- 
niethylamide 



H 3 C CH, CH 3 O i CH 3 O 



20 



25 



(2E)-4-(l-Aminocyclobutyl)but-2-enoic acid N-((1R>- 1-{N- 
[(1R)- i -benzyl- 2-(4- hydroxypiperidiu- 1 -yl)-2-oxoethy I ]- 
N-raethylcarbamoyl}-2-(2-naphthyl)ethyl)-N- 
methylamide 




H 3 C CH 3 CH 3 O l CH 3 O 

U °_J l ^o„. 



(2E)-5-Annno-5-melhylhex-2-enoic acid N-((1R)-1-{N- 
[( 1 R)- 1 - benzyl- 2-(4-hydroxypiperidin- 1 -yl)-2-oxoethyl]- 
N-methylcarbamoyl}-2-(2-naphthyl)ethyl)-N- 
methylaniide 



35 H 2 N 



40 





CH 3 O 



CHj O f 

/ OH, 



(2E)-5-Amino-5-niethylliex-2-enoic acid N-((1R)-1-{N 
[(lR)-l-(4-fluorobenzyJ)-2-(4-hydroxypiperidih-1-yl)-2- 
45 oxoethyl]-N-niethylcarbanioyl}-2-(2-naphtliyl)ethyl)-N- 
methylamide 



= CH 3 O 

CH, O / 

/ OH, 



55 



H 3 C CH 3 




H 2 N 



CH 3 O 



CH 3 O 
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(2E)-5-Aiiiino-3,5-diinetliylhex-2-enoic acid N-((1R)-1-{N- 
[(lR)-l-(4"fluorobenzyl)-2-(4-hydroxypiperidin-l-yi)-2- 
oxoetliyl]-N-methylcarbamoyl}-2-(2-naphlhyl)ethyl)-N- 
methylamide 

5 




(2E)-5-Amino-5-methylhex-2-eiioic acid N-((1R)-1-{N- 
[(1R)-1- benzyl- 2-(4-hydroxy-4-(2-thienyl)piperidiii- 1- 25 
y])-2-oxoethyl]-N-methylcarbanioyl}-2-(2-naphthyl) 
ethy 1 )-N- methy la mide 



30 




(2E)5-Amtno-5-methylhex-2-enoic acid N-((1R)-1-{N- 45 
[( 1R)- l-(3-hydroxycyclohexylcarbamoyl)-2- 
phenylethyiJ-N-methylcarbamoyl}-2-(2-naphthyl)ethyl)- 
N-methylamide 

50 



H 3 N 




315 Bl 

18 

(2E)4-(l-AminocyclobutyI)but-2-enoic acid N-((1R)-1-{N- 
[( 1R)- 1-benzy l-2-(4-(dimethylamino)piperidin- 1 -yl)-2- 
oxoethyl]-N-methylcarbamoyl}-2-(2-naphihyl)ethyl)-N- 
methylamide 




(2E)-5-Amino-5-methylhex-2-enoic acid N-((1R)-1-{N- 
[(2R)-2-(4-hydroxypiperidin-l-yl)-2-oxo-l-((2-tliicuyl) 
methyl)ethyl]-N-metliy]carbamoyl}-2-(2-iiaphthyl) 
ethy 1 >-N-methy lainide 




(2E)-5-Ammo-3,5-dhnethylhex-2-enoic acid N-((l R)- 1- {N- 
[(2R)-2-(4-hydroxypiperidin- 1 -yl)-2-oxo- 1 -((2-thienyl) 
melhyl)ethyl]-N-methylcarbanioyl}-2-(2-naphthyl) 
ethyi)-N-methylamide 




CERTIFICATE OF CORRECTION (continued) Page 12 of 45 



US 6,919,315 Bl 

19 20 

(2E)-5-Aminoo-methylhex-2-enoic acid N-((lR)-2- (2E)74-(l-Aminocyciobutyl)but-2-enoic acid ((1R)-1-{N- 

(biphenyl-4-yl)-l-{N-[(2R)-2-(4-hydroxypipericlin-l-yl)- [(lR)-l-benzyl-2-(4-hydroxypiperidin-l-yi)-2-oxoetliyI3- 

2-oxo-l-((2-thienyl)methyl)ethyl]-N- N-methylcarbamoy!}-2-(biphenyl-4-yl)ethyl)amide 
memylcarbamoyl}ethyl)-N- methyl amide 



H 3 C CH 3 




10 




CH 3 O 



CHi O 





am 

/ OH. 



20 



(2E)-5-Amino-3 T 5-dimethylhex-2-enoic acid N-((IR)-2- 
(biphenyl-4-yl)- l-{N-[( 1 R)-2-(4-hydroxypiperidin-l-yl)- 
2-oxo-l-((2-thienyl)methyl)ethyl]-N- 
methyIcarb<uiioyl}ethyl)-N-metliyIaniidc 



H,C CHi ch, o 




and pharmaceutics lly acceptable salts thereof. 

General Methods 



The methods illustrated in below schemes I— III are by no 
30 mean intended to limit the present invention in any aspect, 
but should only be seen as a guidance for how the present 
compounds may be prepared. 



Scheme I 



35 



OH, 



BOC — N 



est cr it ico t ion 



40- 



(2E)-5-Methyl-5-methylamino)hex-2-enoic acid N-((1R)-1- 
{N-[(IR)-l-benzyl-2-(4-hydroxypiperidin-l-yl)-2- 
oxoethyll-N-methylcarbamoyl}-2-(biphenyl-4-yl)etliyl)- 
N-methylaniide 



HN 

I 

CH 3 




H 3 CH 3 O \ 



-OH, SO 




BOC — N 



R 12 R 1 ' 
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may be synthesized from a BOC-protected amino acid (cf. 
scheme I). The acid is transformed into an ester by reaction 
with or without a reagent such as e. g. 
1-hydroxybenzotriazole, l-hydroxy-7-azabenzotriazole, or 
5 3-hychoxy-l,2,3-benzotriazole-4(3H)-one and a reagent 
such e.g. as N-3-dimethy laminopropyl)-N'- 
emylcarbodiimide hydrochloride or diisopropylcarbodiim- 
ide and a catalyst such as N.N-dimethylaminopyridine. The 
ester may be reduced by a suitable reagent, such as diisobu- 
tylaluminum hydride in a appropriate solvent such as e.g. 
toluene, dichloromethane, ether, or tetrahydrofuran to give 
the BOC-protected aldehyde or alcohol. If the alcohol is 
obtained, the alcohol may be oxidized to the corresponding 
aldehyde, by a suitable method, such as e.g. 
dimethylsulfoxide/oxalyl chloride/triethylamine or 
dimethylsufloxide/sul fotrioxide/py ridine, pyridinium 
dichromate, or pyridinium chlorochromate. A reductive ami- 
nation with an appropriate amine N(R 15 XR 16 ) au d a suitable 
reagent, such as sodium cyanoborohydride or sodium triac- 
2Q etoxyboro hydride in a suitable solvent such as e.g. alcohols 
may yield the BOC-protected amine. If at least one of R 1 5 or 
R 16 is hydrogen, the amino group may be protected by a 
method known to those skilled in the art and described in the 
literature as e.g. T. W. Greene, R G. M. Wuts Protective 
25 groups in organic synthesis, 2 ,lrf edition, Wiley, New York, 
before carrying out the following steps. The removal of the 
BOC-protection group can be achieved by a method known 
to those skilled in the art as described in T. W. Greene, R G. 
M. Wuts Protective groups in organic synthesis, 2 nd edition, 
Wiley, New York, such as e.g. hydrogen chloride in ethyl 
acetate, or trifluoroacetic acid in dichloromethane. 
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Compounds of the type of formula I may be synthesized 
by coupling of an amine of type 




and a suitable protected acid with or without a coupling 
reagent such as e.g. 1 -hydroxy benzotriazole, 1 hydroxy-7- 
azabenzotriazole, or 3-hydroxy-l,2,3-benzotriazole-4(3H)- 
one and a reagent such e.g. as N-(3-dimethylaminopropyl)- 
N'-ethylcarbodiimide hydrochloride or 
diisopropylcarbodiimide in a suitable solvent, such as N,N- 
diinethylformamide or dichloromethane (cf. scheme IT). The 
product may be deprotected at the nitrogen of the acid by a 
method known for a person skilled in the art and described in 
the literature e.g. in T. W. Greene, P. G. M. Wuts Protective 
groups in organic synthesis, 2 nd edition, Wiley, New York, 



The product is coupled with a suitable protected acid with or 
without a coupling reagent such as e.g. 
15 1-hydroxybenzotriazole, 1 -hydroxy- 7-azabenzotriazole, or 
3-hydroxy-l ( 2,3-benzotriazole-4(3H)-one and a reagent 
such e.g. as N-(3-dimethylaminopropyl)-N'- 
ethylcarbodiimide hydrochloride or diisopropylcarbodiim- 
ide in a suitable solvent, such as N.N-dimethylformamide or 
20 dichloromethane. Hie product may be deprotected at the 
nitrogen of the acid by a method known for a person skilled 
in the art and described in the literature e.g. in T. W. Greene, 
P. G. M. Wuts Protective groups in organic synthesis, 2 m1 
edition, Wiley, New York. The product is coupled with suit- 
es able protected acid with or without a coupling reagent such 
as e.g. I -hydroxybenzotriazole, l-hydroxy-7- 
azabenzotriazole, or 3-hydroxy- 1,2,3- benzotriazole-4(3H)- 
one and a reagent such e.g. as N-(3-dimethylaminopropyI)- 
N'-ethylcarbodiimide hydrochloride or 
diisopropylcarbodiimide in a suitable solvent, such as N,N- 
dimethylformamide or dichloromethane. All protection 
groups may be removed by a method known for a person 
skilled in the art and described in the literature e.g. in T. W. 
Greene, P. G. M. Wuts Protective groups in organic 
synthesis, 2 >vi edition, Wiley, New York. 



R R 10 
N Q 



R 2 0 



1.) protection group. 



coupling conditions 



2.) deprotection 



R v R 11 



a, 

R 12 R 11 



R y R" 




I ) protection group ^ ^A*^ ^OH 

T 

R 1 O 
coupling conditions 
2.) deprotection 



Protection group 



1.) R 8 (CR*R 7 )) 

coupling conditions 



>0 fCHR 5 ) d Jl 



2.) deprotection 



R" R 11 
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by coupling of an amine of type 



R» R 10 




and a suitable protected acid with or without a coupling 
reagent such as e.g. I-hydroxybeiuotriazoIe, I-hydroxy-7- 
azabenzotriazole, or 3Tiydroxy-l,2,3-benzotriazole-4(3H)- 
one and a reagent such e.g. as N-(3-dimethylaminopropyl)- 
N'-ethylcarbodiimide hydrochloride or 
diisopropylcarbodiinaide in a suitable solvent, such as N,N- 
dimethylformamide or dichloromethane (cf. scheme ID). 
The product may be deprotected at Hie nitrogen of the acid 
by a method known for a person skilled in the art and 
described in the literature e.g. in X W. Greene, PGM Wuts 
Protective groups in organic synthesis, 2 ,lrf edition, Wiley, 
New York, The product is coupled with a suitable protected 
acid with or without a coupling reagent such as e.g. 
I-hydroxybenzotriazoIe, I-hydroxy-7-azabcnzotriazole, or 
3-hydroxy-l,2,3-benzotriazole-4(3H)-one and a reagent 
such e.g. as (3-dimethylaminopropyl)-N 1 -ethylcarbodiimide 
hydrochloride or diisopropylcarbodiimide in a suitable 
solvent, such as N,N-dimethylformamide or dichlo- 
romethane. The product may be deprotected at the nitrogen 
of the acid by a method known for a person skilled in the art 
and described in the literature e.g. in T. W. Greene, P. G. M. 
Wuts Protective groups in organic synthesis, 2 nd edition, 
Wiley, New York. The product is coupled with suitable pro- 
tected acid with or without a coupling reagent such as e.g. 
1-hydroxybenzotriazole, l-hydroxy-7-azabenzotriazole, or 
3-hydroxy-l,2,3-benzotriazole-4(3H)-one and a reagent 
such e.g. as N-(3-dimethylarninopropyl)-N'- 
emylcarbodiirnide hydrochloride or diisopropylcarbodiim- 
ide in a suitable solvent, such as N,N-dimethylformamide or 
dichlorometliane. All protection groups may be removed by 
a method known for a person skilled in the art and described 
in the literature e.g. in T, W. Greene, P. G. M. Wuts Protec- 
tive groups in organic synthesis, 2 nd edition, Wiley, New 
York. 

The compounds of formula I exhibit an improved resis- 
tance to proteolytic degradation by enzymes because they 
are non-natural, in particular because the natural amide 
bonds are replaced by non-natural amide bond mimetics. 
The increased resistance to proteolytic degradation of the 
compounds of the invention in comparison with known hor- 
mone releasing peptides is expected to improve their bio- 
availability compared to that of the peptides suggested in the 
prior literature. 

In the above structural formulas and throughout the 
present specification, the following tenns have the indicated 
meanings: 



The C^-alkyi, C^-alkylene, C^-alkyl or C,_ a -alkylene 
groups specified above are intended to include those alkyl or 
alkylene groups of the designated length in either a linear or 

] 5 branched or cyclic configuration. Examples of linear alkyl 
are methyl, ethyl, propyl, butyl, pentyl, and hexyl and their 
corresponding divalent moieties, such as ethylene. Examples 
of branched alkyl are isopropyl, sec- butyl, tert- butyl, 
isopentyl, and isohexyl and their corresponding divalent 

20 moieties, such as isopropylene. Examples of cyclic alkyl are 
C 2 , 6 cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl 
and cyclohexyl and their corresponding divalent moieties, 
such as cyclopropylene. 
The d^-alkoxy groups specified above are intended to 

25 include those alkoxy groups of the designated length in 
either a linear or branched or cyclic configuration. Examples 
of linear alkoxy are methoxy, ethoxy, propoxy, butoxy, 
pentoxy, and hexoxy. Examples of branched alkoxy are 
isopropoxy, sec-butoxy, tert-butoxy, isopentoxy, and isohex- 

30 oxy. Examples of cyclic alkoxy are C 3 . 6 -cycloalkoxy such as 
cyclopropyloxy, cyclobutyloxy, cyclopentyloxy and cyclo- 
hexyloxy. 

In the present context, the terra "aryP is intended to 
include monovalent carbocyclic aromatic ring moieties, 

35 being either monocyclic, bicyclic or polycyclic, e.g. selected 
from the group consisting of phenyl and naphthyl, optionally 
substituted with one or more Ci.^-alkyl, C ^-alkoxy, 
halogen, amino or aryl. 
In the present context, the term "arylene" is intended to 

40 include divalent carbocyclic aromatic ring moieties, being 
either monocyclic, bicyclic or polycyclic, e.g. selected from 
the group consisting of phenylene and naphthyleiie, option- 
ally substituted with one or more C^-alkyl, C^g-alkoxy, 
halogen, amino or aryl. 

45 In the present context, the term "hetaryP* is intended to 
Include monovalent heterocyclic aromatic ring moieties, 
being either monocyclic, bicyclic or polycyclic, e.g. selected 
from the group consisting of pyridyl, l-H-tetrazol-5-yl, 
thiazolyl, imidazolyl, indolyl, pyrimidinyl, thiadiazolyl, 

50 pyrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thienyl, 
quinolinyl, pyrazinyl, or isothiazolyl, optionally substituted 
with one or more C^-alkyl, C^s-alkoxy, halogen, amino or 
aryl. * 

In the present context, the term "hetarylene" is intended to 
55 include divalent heterocyclic aromatic ring moieties, being 
either monocyclic, bicyclic or polycyclic, e.g. selected from 
the group consisting of pyridinediyl, 1-H-tetrazolediyl, 
thiazoldiyl, imidazolediyl, tndolediyl, pyrimidinediyl, 
thiadiazolediyl, pyrazolediyl, oxazolediyl, isoxazolediyl, 
60 oxadiazolediyl, thiophenediyl, quinolinediyl, pyrazinediyli 
or isothiazolediyl, optionally substituted with one or more 
C^-alky!, C,. 6 -alkoxy, halogen, amino or aryl. 

Li the present context, the term "heterocyclic system" is 
intended to include aromatic as well as non-aromatic ring 
65 moieties, which may be monocyclic, bicyclic or polycyclic, 
and contain in their ring structure aMeast one, such as one, 
two or three, nitrogen atom(s), and optionally one or more, 
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such as one or two, other hetero atoms, e.g. sulpher or oxy- 
gen atoms. Hie heterocyclic system is preferably selected 
from pyrazole, pyridazine, triazine, indazole, phthalazine, 
ci undine, pyrazoiidine, pyrazolone, aziridine, dithiazine, 
pyrrol, imidazol, pyrazole, i so indole, indole, indazole, 
purine, pyrrol iduie, pyrroline, imidazol idine, imidazoline, 
pyrazoiidine, pyrazoline, piperidine, piperazine, indoline, 
isoindoline, or morpholine, optionally substituted with one 
or more Cj.g-alkyl, C^-alkoxy, halogen, amino, oxy or aryl. 

The term "halogen" is intended to include chlorine (CI), 
fluorine (F), bromine (Br) and iodine (I). 

hi the context of the present application, the term "growth 
hormone secretagogue" is intended to include any com- 
pound which has the capacity, directly or indirectly, of 
inducing (i.e. stimulating or increasing) the release of 
growth hormone from the pituitary gland. The term "growth 
hormone secretagogue" includes growth hormone releasing 
peptides, growth hormone releasing peptidomimetics, and 
growth hormone releasing compounds of a nonpeptidyl 
nature. 

The compounds of the present invention may optionally 
be on a pharmaceutical^ acceptable salt form such as the 
pharmaceutical^ acceptable acid addition salts of com- 
pounds of formula I which include those prepared by react- 
ing the compound of formula I with an inorganic or organic 
acid such as hydrochloric, hydrobromic, sulfuric, acetic, 
phosphoric, lactic, malic, maleic, mandelic phthalic, citric, 
glutaric, gluconic, methane sulfonic, salicylic, succinic, 
tartaric, toluenesulfonic, trifluoracetic, sulfamic or fumaric 
acid and/or water. 

The compounds of formula I may be administered in phar- 
maceutically acceptable acid addition salt form or, where 
appropriate, as a alkali metal or alkaline earth metal or lower 
alkylammomum salt. Such salt forms are believed to exhibit 
approximately the same order of activity as the free base 
forms. 

In another aspect, the present invention relates to a phar- 
maceutical composition comprising, as an active ingredient, 
a compound of the general formula I or a pharmaceutically 
acceptable salt thereof together with a pharmaceutics Uy 
acceptable carrier or diluent. 

Pharmaceutical compositions containing a compound of 
the present invention may be prepared by conventional 
techniques, e.g. as described in Remington 's Pharmaceutical 
Sciences, 1 985 or in Remington: The Science and Practice of 
Pharmacy, 19th Edition (1995). The compositions may 
appear in conventional forms, for example capsules, tablets, 
aerosols, solutions, suspensions or topical applications. 

The pharmaceutical carrier or diluent employed may be a 
conventional solid or liquid carrier. Examples of solid carri- 
ers are lactose, terra alba, sucrose, cyclodextrin, talc, gelatin, 
agar, pectin, acacia, magnesium stearate, stearic acid or 
lower alkyl ethers of cellulose. Examples of liquid carriers 
are syrup, peanut oil, olive oil, phospholipids, fatty acids, 
fatty acid amines, polyoxyethylenc or water. 

Similarly, the carrier or diluent may include any sustained 
release material known in the art, such as glyceryl 
monostearate or glyceryl distearate, alone or mixed with a 
wax. 

If a solid carrier is used for oral administration, the prepa- 
ration may be tabletted, placed in a hard gelatin capsule hi 
powder or pellet form or it can be in the form of a troche or 
lozenge. The amount of solid carrier will vary widely but 
will usually be from about 25 mg to about 1 g. If a liquid 
carrier is used, the preparation may be in the form of a syrup, 
emulsion, soft gelatin capsule or sterile injectable liquid 
such as an aqueous or non-aqueous liquid suspension or 
solution. 



A typical tablet which may be prepared by conventional 
tabletting techniques may contain: 



Core: 

Active compound (as tree compound or salt thereof) 

Colloidal silicon dioxide (Aerosil) 

Cellulose, microcryst. (Avicel) 

Modified cellulose gum (Ac-Di-Sol) 

Magnesium stearate 

Cooling: 

HPMC npprox. 
*Mywacet: P*10 T approx. 



10 mg 
1.5 mg 

70 mg 
7.5 mg 



9 mg 
0.9 mg 



1 -5 *Acy loted monoglyceride used as plosticizer for film coating. 

For nasal administration, the preparation may contain a 
compound of formula I dissolved or suspended in a liquid 
carrier, in particular an aqueous carrier, for aerosol applica- 

2Q tion. The carrier may contain additives such as solubilizing 
agents, e.g. propylene glycol, surfactants, absorption 
enhancers such as lecithin (phosphatidylcholine) or 
cyclodextrin, or preservatives such as parabenes. 

It has been demonstrated that compounds of the general 
formula I possess the ability to release endogenous growth 

23 hormone in vivo. The compounds may therefore be used in 
the treatment of conditions which require increased plasma 
growth hormone levels such as in growth hormone deficient 
humans or in elderly patients or livestock. 
Thus, in a particular aspect, the present invention relates 

30 to a pharmaceutical composition for stimulating the release 
of growth hormone from the pituitary, the composition 
comprising, as an active ingredient, a compound of the gen- 
eral formula I or a pharmaceutically acceptable salt thereof 
together with a pharmaceutically acceptable carrier or dilu- 

35 ent. 

In a further aspect, the present invention relates to a 
method of stimulating the release of growth hormone from 
the pituitary, the method comprising administering to a sub- 
ject in need thereof an effective amount of a compound of 
ao the general formula I or a pharmaceutical^ acceptable salt 
thereof. 

In a still further aspect, the present invention relates to a 
method of treating growth retardation in connection with 
asthma, the method comprising administering to a subject in 
45 need thereof an effective amount of a growth hormone secre- 
tagogue or a pharmaceutically acceptable salt thereof. In a 
particular embodiment, the present invention relates to a 
method of treating growth retardation in connection with 
asthma, the method comprising administering to a subject in 
50 need thereof an effective amount of a compound of the gen- 
eral formula I or a phannaceutically acceptable salt thereof 
In a still further aspect, the present invention relates to a 
method of treating growth retardation in connection with 
juvenile rheumatic arthritis or systic fibrosis, the method 
55 comprising administering to a subject in need thereof an 
effective amount of a growth hormone secretagogue or a 
pharmaceutically acceptable salt thereof. In one 
embodiment, the present invention relates to a method of 
treating growth retardation in connection with juvenile rheu- 
60 matic arthritis, the method comprising administering to a 
subject in need thereof an effective amount of a growth hor- 
mone secretagogue or a pharmaceutically acceptable salt 
thereof. In a second embodiment, the present invention 
relates to a method of treating growth retardation in connec- 
ts tion with systic fibrosis, the method comprising administer- 
ing to a subject in need thereof an effective amount of a 
growth hormone secretagogue or a pharmaceutically accept- • 
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able salt thereof. In a particular embodiment, the present 
invention relates to a method of treating growth retardation 
in connection with Juvenile rheumatic arthritis, die method 
comprising administering to a subject in need thereof an 
effective amount of a compound of the general formula I or a 
pharmaceutical ly acceptable salt thereof, hi another particu- 
lar embodiment, the present invention relates to a method of 
treating growth retardation In connection with systic 
fibrosis, the method comprising administering to a subject in 
need thereof an effective amount of a compound of the gen- 
eral formula I or a pharmaceutical^ acceptable salt thereof. 

hi a still further aspect, the present invention relates to the 
use of a compound of the general formula I or a pharmaceu- 
tical ly acceptable salt thereof for the preparation of a medi- 
cament for stimulating the release of growth hormone from 
the pituitary. 

To those skilled in Hie art, it is well known that the current 
and potential uses of growth hormone in humans are varied 
and multitudinous. Thus, compounds of formula I can be 
administered for purposes stimulating release of growth hor- 
mone from the pituitary and would then have similar effects 
or uses as growth hormone itself. Compounds of formula I 
are useful for stimulation of growth hormone release in the 
elderly, prevention of catabolic side effects of 
glucocorticoids, prevention and treatment of osteoporosis, 
treatment of chronic fatigue syndrom (CFS), treatment of 
acute fatigue syndrom and muscle loss following elective 
surgery, stimulation of the immune system, acceleration of 
wound healing, accelerating bone fracture repair, accelerat- 
ing complicated fractures, e.g. disctraction osteogenesis, 
treatment of wasting secondary to fractures, treatment of 
growth retardation, treating growth retardation resulting 
from renal failure or insufficiency, treatment of 
cardiomyopathy, treatment of wasting in connection with 
chronic liver disease, treatment of tlirombocytopenia, treat- 
ment of growth retardation in connection with Crohn's 
disease, treatment of short bowel syndrome, treatment of 
wasting in connection with chronic obstructive pulmonary 
disease (COPD), treatment of complications associated with 
transplantation, treatment of physiological short stature 
including growth hormone deficient children and short stat- 
ure associated with chronic illness, treatment of obesity and 
growth retardation associated with obesity, treatment of 
anorexia, treatment of growth retardation associated with the 
Prader-Willi syndrome and Turner's syndrome; increasing 
the growth rate of a patient having partial growth hormone 
insensitive syndrome, accelerating the recovery and reduc- 
ing hospitalization of bum patients; treatment of intrauterine 
growth retardation, skeletal dysplasia, hypercortisolism and 
Gushing 's syndrome; induction of pulsatile growth hormone 
release; replacement of growth hormone in stressed patents, 
treatment of osteochondrodysplasias, Noonan's syndrome, 
schizophrenia, depressions, Alzheimer's disease, delayed 
wound healing and psychosocial deprivation, treatment of 
catabolism in connection with pulmonary dysfunction and 
ventilator dependency; treatment of cardiac failure or related 
vascular dysfunction, treatment of impaired cardiac 
function, treatment or prevention of myocardial infarction, 
lowering blood pressure, protection against ventricular dys- 
function or prevention of reper fusion events; treattnent of 
adults in chronic dialysis; attenuation of protein catabolic 
responses after major surgery, reducing cachexia and protein 
loss due to chronic illness such as cancer or AIDS; treatment 
of hyperihsulinemia including nesidioblastosis, adjuvant 
treatment for ovulation induction; stimulation of thymic 
development and prevention of the age related decline of 
thyine function, treatment of immuno suppressed patients; 



treatments of sarcopenia, treatment of wasting in connection 
with AIDS; improvement in muscle strength, mobility, 
maintenance of skin thickness, treatment of metabolic 
homeostasis and renal homeostasis in the frail elderly, stimu- 

5 lation of osteoblasts, bone remodelling and cartilage growth; 
regulation of food intake; stimulation of the immune system 
in companion animals and treatment of disorder of aging in 
companion animals, promoting growth in livestock and 
stimulation of wool growth in sheep, increasing milk pro- 

10 duction in livestock, treatment of metabolic syndrom 
(syndrome X), treatment of insulin resistance, including 
NIDDM, in mammals, e.g. humans, treatment of insulin 
resistance in the heart, improvement of sleep quality and 
correct ion of the relative hyposomatotropism of senescence 

is due to high increase in REM sleep and a decrease in REM 
latency, treatment of hypothermia, treatment of frailty asso- 
ciated with aging, treatment of congestive heart failure, 
treatment of hip fractures, treatment of immune deficiency in 
individuals with a depressed T4/T8 cell ratio, treatment of 

20 muscular atrophy, treatment of musculoskeletal impairment 
in elderly, enhancing the activity of protein kinase B (PKB), 
improvement of the overall pulmonary function, and treat- 
ment of sleep disorders. 

Within the context of the present application, the term 

25 "treatment" is also intended to include prophylactic treat- 
ment. 

In a further aspect the present invention relates to the use 
of a growth hormone secretagogue or a pharmaceutical^ 
acceptable salt thereof for the preparation of a medicament 

30 for the treatment of growth retardation in connection with 
asthma. In one particular embodiment the invention relates 
to the use of a compound of the general formula I or a phar- 
maceutically acceptable salt thereof for the treatment of 
growth retardation in comiection with asthma. In a second 

35 particular embodiment the invention relates to the use of 
growth hormone releasing peptides, growth hormone releas- 
ing pepudomimetics, or growth hormone releasing com- 
pounds of a nonpeptidyl nature or a pharmaceutical ly 
acceptable salt thereof for the treatment of growth retarda- 

40 tion in connection with asthma. 

In a still further aspect the present invention relates to the 
use of a growth hormone secretagogue or a pharmaceutically 
acceptable salt thereof for the preparation of a medicament 
for the treatment of growth retardation in connection with 

45 juvenile rheumatic arthritis or systic fibrosis. In one embodi- 
ment the invention relates to the use of a growth hormone 
secretagogue or a phannaceutically acceptable salt thereof 
for the preparation of a medicament for the treatment of 
growth retardation in connection with juvenile rheumatic 

50 arthritis. In a second embodiment the invention relates to the 
use of a growth hormone secretagogue or a pharmaceutically 
acceptable salt thereof for the preparation of a medicament 
for the treatment of growth retardation in connection with 
systic fibrosis. In one particular embodiment the invention 

55 relates to the use of a compound of the general formula or a 
pharmaceutically acceptable salt thereof for the treatment of 
growth retardation in connection with juvenile rheumatic 
arthritis, hi another particular embodiment the invention 
relates to the use of a compound of the general formula I or a 

60 phannaceutically acceptable salt thereof for the treatment of 
growth retardation in comiection with systic fibrosis, hi a 
further particular embodiment the invention relates to the 
use of growth hormone releasing peptides, growth hormone 
releasing peptidomimetics, or growth hormone releasing 

65 compounds of a nonpeptidyl nature or a phannaceutically 
acceptable salt thereof for the treatment of growth retarda- 
tion in connection with juvenile rheumatic arthritis. In a still 
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further particular embodiment the invention relates to the 
use of growth hormone releasing peptides, growth hormone 
releasing peptidomimetics, or growth hormone releasing 
compounds of a nonpeptidyl nature or a pharmaceutically 
acceptable salt thereof for the treatment of growth retarda- 
tion in connection with systic fibrosis. 

For the above indications the dosage will vary depending 
on the growth hormone secretagogue employed, e.g. on the 
compound of formula I employed, on the mode of adminis- 
tration and on the therapy desired. However, generally dos- 
age levels between 0.0001 and 100 mg/kg body weight daily 
are administered to patients and animals to obtain effective 
release of endogenous growth hormone. Moreover the com- 
pounds of formula 1 have no or substantially no side- effects, 
30 when administered in the above dosage levels, such side- 
effects being e.g. release of LH, FSH, TSH, ACTH, 
vasopressin, oxytocin, Cortisol and/or prolactin. Usually, 
dosage forms suitable for oral, nasal, pulmonal or transder- 
mal administration comprise from about 0.0001 mg to about 
100 mg, preferably from about 0.001 mg to about 50 mg of 
the compounds of formula I admixed with a pharmaceuti- 
cally acceptable carrier or diluent. 

The dosage of the compounds according to this invention 
is suitably 0.01-500 mg/day, e.g. from about 5 to about 50 
mg, such as about 10 mg per dose, when administered to 
patients, e.g. humans, as a drug. 

Optionally, the pharmaceutical composition of the inven- 
tion may comprise a compound of formula I combined with 
one or more compounds exhibiting a different activity, e.g., 
an antibiotic or other pharmacologically active material. 

The route of administration may be any route which effec- 
tively transports the active compound to the appropriate or 
desired site of action, such as oral, nasal, pulmonary, trans- 
dermal or parenteral, the oral route being preferred. 

Apart from the pharmaceutical use of the compounds of 
formula I, they may be useful in vitro tools for investigating 
the regulation of growth hormone release. 

Compounds of formula I may also be useful in vivo tools 
for evaluating the growth hormone releasing capability of 
the pituitary. For example, serum samples taken before and 
after administration of these compounds to humans can be 
assayed for growth hormone. Comparison of the growth hor- 
mone in each serum sample would directly determine the 
ability of the patients pituitary to release growth hormone. 

Compounds of formula I may be administered to commer- 
cially important animals to increase their rate and extent of 
growth, and to increase milk and wool production. 

A further use of growth hormone secretagogue com- 
pounds of formula I is in combination with other secreta- 
gogues such as CHRP (2 or 6), GHRH and its analogues, 
growth hormone and its analogues or somatomedins includ- 
ing IGF-1 andlGF-2. 

Pharmacological Methods 

Compounds of formula I may be evaluated in vitro for 
their efficacy and potency to release growth hormone in rat 
pituitary primary cultures, and such evaluation may be per- 
formed as described below. 

The isolation of rat pituitary cells is a modification of O. 
Sartor et al. Endocrinology 116, 1985, pp. 952-957. Male 
albino Sprague-Dawley rats (250+/- 25 grams) were pur- 
chased from Mollegaard, Lille Skensved, Denmark. The rats 
were housed in group cages (four animals/cage) and placed 
in rooms with 12 hour light cycle. The room temperature 
varied from 19-24° C. and the humidity from 30-60%. 

The rats were decapitated and the pituitaries dissected. 
The neuro intermediate lobes were removed and the remain- 



ing tissue was immediately placed in icecold isolation buffer 
(Gey's medium (Gibco 041-04030) supplemented with 
0.25% D-glucose, 2% non-essential amino acids (Gibco 
043-01 140) and 1% bovine serum albumine (BSA) (Sigma 

5 A-4503)). The tissue was cut into small pieces and trans- 
ferred to isolation buffer supplemented with 3.8 mg/ml of 
trypsin (Worthington #3707 TRL-3) and 330 mg/ml of 
DNase (Sigma D-4527). This mixture was incubated at 70 
rotations/min for 35 min at 37° C. in a 95/5% atmosphere of 

io O z /C0 2 . The tissue was then washed three times in the 
above buffer. Using a standard pasteur pipette, the tissue was 
then aspirated into single cells. After dispersion, cells were 
filtered through a nylon filter (160 nun) to remove undi- 
gested tissue. The cell suspension was washed 3 times with 

15 isolation buffer supplemented with trypsin inhibitor (0.75 
mg/ml, Worthington #2829) and finally resuspended in cul- 
ture medium: DMEM (Gibco 041-01965) supplemented 
witli 25 mM HEPES (Sigma H-3375), 4 mM glutamine 
(Gibco O43-O5030H), 0.075% sodium bicarbonate (Sigma 

„ 0 S-8875), 0.1% non-essential amino acid, 2.5% fetal calf 
serum (PCS, Gibco 011-06290), 3% horse serum (Gibco 
034-06050), 10% fresh rat serum, 1 nM T 3 (Sigma T-2752) 
and 40 mg/1 dexamethasone (Sigma D-4902) pH 7.3, to a 
density of 2x1 0 5 cells/ml. The cells were seeded into micro- 

25 titer plates (Nunc, Denmark), 200 ml/well, and cultured for 3 
days at 37° C. and 8%C0 2 . 

Compound Testing 
After culturing, the cells were washed twice with stimula- 
tion buffer (Hanks Balanced Salt Solution (Gibco 041- 

30 04020) supplemented with 1% BSA (Sigma A-4503), 0.25% 
D-glucose (Sigma G-5250) and 25 mM HEPES (Sigma 
H-3375) pH 7.3) and preincubated for 1 hour at 37° C. The 
buffer was exchanged with 90 ml stimulation buffer (37° C). 
Ten ml test compound solution was added and the plates 

33 were incubated for 15 min at 37° C. and 5% C0 2 . The 
medium was decanted and analyzed for GH content in an 
rGH SPA test system. 

All compounds were tested in doses ranging from 10 pM 
to 100 nuM. A dose-response relation was constructed using 

4 the Hill equation (Fig P, Biosoft). Hie efficacy (maximal GH 
released, E„ IW ) was expressed in % of the TL max of GHRP-6. 
The potency (EC 50) was determined as the concentration 
inducing half maximal stimulation of the GH release. 
, Compounds of formula I may be evaluated for their meta- 
bolic stability using die procedure described below: 

Compounds is dissolved at a concentration of 1 mg/ml in 
water. 25 ml oftliis solution is added to 1 75 ml of the respec- 
tive enzyme- solution (resulting in an enzyme :substrate ratio 

so ( w ^v) of approximately 1:5). The solution is left at 37° C. 
overnight. 10 ml of the various degradation solutions is ana- 
lyzed against a corresponding zero- sample using flow injec- 
tion electrospray mass spectrometry (ESMS) with selected 
ion monitoring of the molecular ion. If the signal has 

55 decreased more than 20% compared to the zero- sample, the 
remainder of the solution is analyzed by HPLC and mass 
spectrometry in order to identify the extent and site(s) of 
degradation precisely. 

Several standard peptides (ACTH 4-10, Angiotensin 1-14 

$ 0 and Glucagon) have been included in the stability tests in 
order to verify the ability of the various solutions to degrade 
peptides. 

Standard peptides (angiotensin 1-14, ACTH 4-10 and 
glucagon) were purchased from Sigma, MO, USA). 
65 Enzymes (trypsin, chymotrypsin, elastase aminopeptidase 
M and carboxypeptidase Y and B) were all purchased from 
Boehringer Mannheim GmbH (Mannheim, Germany). 
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Pancreatic enzyme mix: trypsin, chymotrypsin and 
elastase in 100 mM animoniumbicarbonate pH 8.0 (all con- 
centrations 0.025 mg/nil). 

Carboxypeptidasc mix: carboxypeptidase Y and B in 50 
mM ammoniumacetate pH 4.5 (all concentrations 0.025 5 
mg/ml). 

Aniinopeptidase M solution: aminopeptidase M (0.025 
mg/ml) in 100 mM animoniumbicarbonate pH 8,0. 

Mass spectrometries analysis was performed using two dif- 
ferent ma ss spectrometers. A Sciex API HI triple quadrupole 1 0 
LC-MS instrument (Sciex instruments, Thomhill, Ontario) 
equipped with an electrospray ion-source and a Bio-Ion 20 
time-of-flight Plasma Desorption instrument (Bio-Ion Nor- 
dic AB, Uppsala, Sweden). 

Quantification of the compounds (before and after 
degradation) was done on the API IE instrument using single 
ion monitoring of the molecular ion in question with flow 
injection of the analyle. The liquid flow (MeOH: water 1;1) 
of 100 ml/min was controlled by an ABI I40B HPLC unit 
(Perkin-Elmer Applied Biosy stems Divisions, Foster City, 
Calif.). The instrument parameters were set to standard 
operation conditions, and SIM monitoring was performed 
using the most intense molecular ion (in most cases this 
corresponded to the doubly charged molecular ion). 25 

Identification of degradation products furthermore 
involved the use of plasma desorption mass spectrometry 
(PDMS) with sample application on nitrocellulose coated 
targets and standard instrumental settings. The accuracy of 
the hereby determined masses is generally better than 0. 1%. 30 

Separation and isolation of degradation products was 
done using a HY-TACH C-18 reverse phase 4.6x105 mm 
HPLC column (Hewlett-Packard Company, Palo Alto, 
Calif.) with a standard acetonitril: TFA separation gradient. 
The HPLC system used was HP1090M (Hewlett-Packard 35 
Company, Palo Alto, Calif.). 



Carboxy- Pan. 



Peptide 


MW/SIM 


peptidase 


enzyme 


derivative 


ion (nmu) 


mix 


mix 


Standards 








ACTH4-10 


1 124 .5/562.8 


+ 




Glucagon 


3483/871.8 






Insulin (B 23-29) 


859.1/430.$ 






Angiotensin 1-14 


1760.1/881.0 






GHRP-2 


817.4/409.6 






CHRP -6 


872.6/437.4 







+: Stable (less than 20% decrease in SIM signal after 24 h in degradation 50 
solution) 

-; Unstable (more than 20% decrease in SIM signal after 24 h in degradation 
solution) 

Any novel feature or combination of features described 
herein is considered essential to this invention. 55 

EXAMPLES 

The process for preparing compounds of formula I and 
preparations containing them is further illustrated in the fol- 
lowing examples, which however, are not to be construed as 60 
limiting. 

The structures of the compounds are confirmed by either 
elemental analysis (MA) nuclear magnetic resonance 
(KMR) or mass spectrometry (MS). NMR shifts (d) are 
given in parts per million (ppm) and only selected peaks are 65 
given, mp is melting point and is given in 0 C. Column 
chromatography was carried out using the technique 
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described by W. C. Still et al, J. Org. Chem. 1978, 43, 
2923-2925 on silica gel 60. Compounds used as starting 
materials are either known compounds or compounds which 
can readily be prepared by methods known per se. 
HPLC- Analysis: 
Method Al. 

The RP- analysis was performed using UV detections at. 
214, 254, 276, and 301 nm on a 218TP54 4.6 mmx250 mm 5 
m C-18 silica column (The Seperations Group, Hesperia), a 
which was eluted at 1 mL/min at 42° C. The column was 
equilibrated with 5% acetonitrile in a buffer consisting of 0. 1 
M ammonium sulfate, which was adjusted to pH 2.5 with 
4M sulfuric acid. After injection the sample was eluted by a 
gradient of 5% to 60% acetonitrile in the same buffer during 
50 min. 

Method Bl. 

The RP- ana lysis was performed using UV detections at 
214, 254, 276, and 301 ran on a 218TP54 4.6 mmx250 nun 5 
m C-18 silica column (The Seperations Group, Hesperia), 
which was eluted at 1 mL/min at 42° C. The column was 
equilibrated with 5% (acetonitrile+0. 1 % TFA) in an aqueous 
solution of TFA in water (0.1%). After injection the sample 
was eluted by a gradient of 5% to 60% (acetonitrile+0. 1% 
TFA) in the same aqueous buffer during 50 min. 
Abbreviations: 



TLC: thin layer chromatography 

DMSO: dimethyl sulfoxide 

min: minutes 

h; hours 



Boc: tert butyloxycarbonyl 
DMF: dimetliylformamide 
THF: tetrahydrofuran 

EDAC: N-ethyl-N'-dimetliylaminopropylcarbodiimide 
hydrochloride 

HOAt: l-hydroxy-7-azabenzotrazole 

DEEA: diisopropylethylamine 

TFA: trifluoroacetic acid 
Buildingblocks: 

N-methylated amino acids used in the following examples 
were prepared as in Can. J. Chem. 1977, 55, 906. 
3-Hydroxy- 1 , 1 -dimethylpropylcarbamic acid tert- butyl 
ester: 




HjC h 



At 0° C, ethyl cliloroformate (1.10 inL, 1 1 .5 mmol) was 
given dropwise to a solution of 3-tert-butoxycarboiiylamino- 
3-methylbutanoic acid (2.50 g, 11.5 mmol) and triethy- 
lamine (1.92 mL, 13.8 mmol) in tetrahydrofuran (10 mL). 
The solution was stirred for 40 min at 0° C. The formed 
precipitate was filtered off and washed with tetrahydrofuran 
(20 mL). The liquid was immediately cooled to 0° C. A 2M 
solution of lithium boronhydride in tetrahydrofuran (14.4 
mL, 28.8 mmol) was added dropwise. The solution was 
stirred at 0° C. for 2 h, and then wanned to room temperature 
over a period of 4 h. It was cooled to 0° C Methanol (5 mL) 
was added carefully. IN Hydrochloric acid (100 mL) was 
added. The solution was extracted with ethyl acetate (2x100 
mL, 3x50 mL). The combined organic layers were washed 
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with saturated sodium hydrogen carbonate solution (100 
mL) and dried over magnesium sulfate. The solvent was 
removed in vacuo. The crude product was chromatographed 
on silica ( 1 10 g) with ethyl acetate/heptane 1 :2 to give 1 .84 g 
of 3hydroxy-l,l-dimethylpropylcarbamic acid tert-butyl 5 
ester. 

'H-NMR (CDCU): d 1.33 (s, 6H); 1.44 (s, 9H); 1.88 (t, 
2H); 1 .94 (br, IH); 3.75 (q, 2H); 4.98 (br, 1H). 
3-(tert-Butoxycarbonylamino)-3-niethylbutanal: j () 

HyC CH) 



H 3 C H 



15 



DMSO (1,22 mL, 17.2 mmol) was added to a solution of 
oxalyl chloride (1 . 1 mL, 12.9 mmol) at -78° C. in dichlo- 
romethane (I 5 mL). The mixture was stirred for 1 5 ruin at 20 
-78° C. A solution of 3-hydroxy- 1 , 1 - 
dimethylpropylcarbamic acid tert-butyl ester (1.75 g, 8.6 
mmol) in dichloromethane (10 mL) was added dropwise 
over a period of 1 5 min. The solution was stirred at -78° C. 
for another 15 min. Triethylamine (6.0 mL, 43 mmol) was 25 
added. The solution was stirred at -78° C. for 5 min and then 
wanned to room temperature. Hie solution was diluted with 
dichloromethane (100 mL) and extracted with 1 N hydro- 
chloric acid (100 mL). The aqueous phase was extracted 
with dichloromethane (50 mL). The combined organic lay- 30 
ers were washed with saturated sodium hydrogen carbonate 
solution (100 mL) and dried over magnesium sulfate. The 
solvent was removed in vacuo. The crude product was puri- 
fied by column chromatography on silica (140 g) with ethyl 
acetate/heptane (1:3) to give 1.10 g of 3-(tert- 33 
butoxycarbouylainino)-3-metJiylbutanal. 

MHz-'H-NMR (CDC1 3 ): d 1 .39 (s, 6H); 1 .45 (s, 9H); 2.85 
(d, 2H); 4.73 (br, 1H); 9.80 (t, 1H). 

Ethyl (2E)-5-(tert-Butoxycarbonylamino)-5-methylhex-2- 40 
enoate: 



H 3 C H 



CH 3 



TViethylphoshonoacetate (1.96 mt, 9.8 mmol) was dis- 
solved in tetrahydrofuran (30 ml). Potassium tert-butoxide 5 o 
(1.10 g, 9.8 mmol) was added. The solution was stirred for 
40 min at room temperature. A solution of 3-(tert- 
butoxycarbonylmiiino)-3-memylbutanal (1.10 g, 5.5 mmol) 
in Tetrahydrofuran (6 ml) was added. The solution was 
stirred at room temperature for 75 min. It was diluted with 55 
ethyl acetate (100 ml) and IN hydrochloric acid (100 ml). 
•The phases were separated. The aqueous phase was 
extracted with ethyl acetate (2x50 ml). The combined 
organic phases were washed with saturated sodium hydro- 
gen carbonate solution (60 ml) and dried over magnesium $o 
sulfate. The solvent was removed in vacuo. The crude prod- 
uct was purified by column cliromatography on silica (90 g) 
with ethyl acetate/hepatane (1 :4) to give 1 .27 g of ethyl (2E)- 
5-(tert-butoxycarbonylamino)-5-metliyll]ex-2-enoate. 

: H-NMR (CDC1 3 ): d 1.30 (s, 6H); 1.30 (t, 3H); 1.46 (s, 65 
9H); 2.62 (d, 2H); 4.27 (q, 2H); 4.42 (br, 1H); 5.88 (d, 1H); 
6.94 (td, IH). 



36 



(2E)-5-(terl-Butoxycarbonylamino)-5-methylhex-2-enoic 
acid: 



H-kC CH 




H 3 C 



Ethyl (2E)-5-(tert-butoxycarbonylamino)-5-methylhex-2- 
enoate (1.233 g, 4.54 mmol) was dissolved in dioxane (20 
ml). Lithium hydroxide (0.1 20 g, 5.00 mmol) was added as a 
solid. Water (10 ml) was added, until a clear solution was 
reached. The solution was stirred 16 h at room temperature. 
The solution was diluted with water (70 ml) and was 
extracted with tert-butyl methyl ether (2x 100 ml). The aque- 
ous phase was acidified with IN sodium hydrogensulfate 
solution (pH=l) and was extracted with tert- 
butyUnethylether (3x70 ml). The organic phases were com- 
bined and dried over magnesium sulfate. The solvent was 
removed in vacuo to give 1.05 g of (2E)-5-(tert- 
butoxycarbonylamino)-5-methylhex-2-enoic acid. The 
crude product was used for further syntheses . 

'H-NMR (DMSO d fi ): d 1.15 (s, 6H); 1.35 (s t 9H); 2.53 
(d, 2H); 5.75 (d, IH); 6.57 (br, 1H); 6.75 (td, 1H); 12.15 (s, 
1H). 

1 - Aza- spiro [3 .3 Jheptaii- 2- one: 



NH 



Methylenecyclobutane (40.0g, 0.587 inol) was dissolved 
in diethylether (250 ml). At -40° C. chlorosulfonylisocyan- 
ate (26 ml, 0.294 mol) was added dropwise. The .reaction 
mixture was wanned to 10° C An exothermic reaction was 
observed, and precipitation was formed. The reaction mix- 
ture was cooled to -20° C. It was stirred for 16 h, while it 
was wanning up to room temperature. A saturated aqueous 
solution of sodium sulfite (1 00 ml) was added dropwise. The 
reaction mixture was stirred vigorously for 1 h. Another 
saturated aqueous solution of sodium sulfite (100 ml) was 
added dropwise. Solid sodium hydrogen carbonate was 
added, until pH 7. Dichloromethane (500 ml) was added. 
The phases were separated. The organic layer was dried over 
magnesium sulfate. The solvent was removed in vacuo, to 
give 23.59 g of l-aza-spiro[3.3]heptan-2-one. 

1 H-NMR (CDCI3): d 1 .75 (m, 2H); 2.26 (m, 2H); 2.39 (m, 
2H); 2.96 (s, 2H); 6.55 (br, IH). 

2-Oxo-l-azaspirot3.3Jheptane-l-carboxylic acid tert- 
butylester 



IS™, 



CH 3 



A solution of di-tert-butyt dicarbonate (55.7 g. 0.21 1 mol) 
in dichloromethane (100 nil) was added dropwise to a solu- 
tion of l-aza-spiro[3.3Jheptan-2-one, triethylamine (36 ml, 



CERTIFICATE OF CORRECTION (continued) Page 21 of 45 



US 6,919315 Bl 



37 



0.255 mol), and 4-dimeUiylaminopyridiene (2.6 g, 0.021 
rnol) in dichloromethane (100 ml). The reaction mixture was 
stirred for 16 h at room temperature. It was washed with a 
10% aqueous solution of ammonium chloride (100 ml), 
water (100 ml) and a saturated aqueous solution of sodium 5 
hydrogen carbonate (100 ml). The organic layer was dried 
over magnesium sulfate. The solvent was removed in vacuo 
to give 48.24 g of crude 2-oxo-l-azaspiro[3.3]heptarje-l- 
carboxylic acid tert-butylester, which was used for the next 
step without purification. 

f H-NMR(CDCU):d 1.55 (s,9H); 1.78 (m, 1H); 1 .92 (m, 
IH); 2.18 (m, 2H); 2.90 (m, 2H); 3,04 (s, 1H). 
(l-(tert-Butoxycarbonylamino)cyclobutyl)acetic acid: 



h 3 c 
h 3 c 




OH 



An 1 N aqueous solution of lithium hydroxide (227 ml, zo 
227 mmol) was added to a solution of 2-oxo- l-azaspiro[3.3] 
heptane- 1-carboxy lie acid tert-butylester (48 g, 0.227 mmol) 
in tetrahydrofuran (200 ml). Tlie reaction mixture was 
stirred for 2 h. Diethyl ether (200 ml) and water (200 ml) 
were added. The mixture was stirred for 1 6 h. The organic 25 
layer was isolated. The aqueous phase was extracted with 
diethyl ether (200 ml). The aqueous phase was acidified with 
a 10% aqueous solution of sodium hydrogen sulfate until pH 
3. Hie formed precipitation was filtered off, washed with 
water, and dried in vacuo, to give 38.84 g of (l-(tert- 30 
butoxycarbonylamino)cyclobutyl)acetic acid. 

'H-NMR (CDCI3): d 1 .45 (s, 9H); 1 .85 (m, IH); 1 .95 (m, 
1H); 2.25 (m, 4H); 2.87 (m, 2H); 5.15 and 6.20 (both br, 
together IH). 

(2E)-4-( 1 -(tert-Butoxycarbonylamino)cyclobutyl)but-2- 35 
enoic acid: 



CH 3 




OH 



(2E)4-(l-(tert-Butoxycarbonylamino)cycIobutyl)but-2- 
enoic acid was synthesized starting with (1-tert- m)S 
butoxycarbonylamino)cyclobutyl)acetic acid analogously to 
the synthesis of (2E)-5-(tert-butoxycarbonylamino)-5- 
methylhex-2-enoic acid starting with of 3-tert- 
butoxyca rbony lam i no- 3- methyl butanoic acid. 

] H-NMR (CDCI3): d 1,43 (s, 9H); 1.84 (m, IH); 1.95 (m, 5(1 
IH); 2.10 (m, 2H); 2.20 (m, 2H); 2.70 (m, 2H); 4.75 (br, 
0.5H); 5.90 (m, IH); 6.35 (br, 0.5H); 6.95 (m, IH). 
(2E)-5-tert-Butoxycarbonylamino-3,5-dimetliylhex-2-enoic 
acid ethyl ester 



CH, 



H 3 C 



38 



reaction mixture was stirred for 12 h at room temperature. 
Water (200 ml) and ethyl acetate (200 ml) were added. The 
aqueous phase was extracted with ethyl acetate (4x200 ml). 
The combined organic phases were dried over magnesium 
sulfate, and the solvent was removed in vacuo. The residue 
was purified by flash chromatography on silica (200 g), 
using ethyl acetate/heptane (1 :3) as eluent, to afford 28.4 g 
of(l,l-dimetliyl-3-oxobutyl)carbamic acid tert-butyl esler. 

Triethyl phosphonoacetate (4.7 g; 20.9 mmol) was dis- 
solved in tetrahydrofuran (36 ml). Potassium tert-butoxide 
(2.3 g; 20.9 mmol) was added and the reaction mixture was 
stirred for 40 min at room temperature. (1,1 -Dimethy 1-3- 
oxobutyl)carbamic acid tert-butyl ester (2.5 g; 1 1.6 mmol) 
was dissolved in tetrahydrofuran (15 ml) and added drop- 
wise to the reaction mixture which was heated to reflux for 
12h. Ethyl acetate (100 ml) and hydrochloric acid (1 N; 100 
ml) were added and the phases were separated. The aqueous 
phase was extracted with ethyl acetate (3x50 ml). The com- 
bined organic phases were washed with an aqueous solution 
of sodium hydrogen carbonate (saturated; 100 ml), dried 
(magnesium sulfate) and evaporated in vacuo. The residue 
was purified by flash chromatography on silica (120 g) using 
ethyl acetate/heptane (1 :2) as eluent to afford 2.0 g of (2E)- 
5-tert-butoxycarbonyIamino-3,5-dimethylliex-2-enoic acid 
ethyl ester. 

'H-NMR (CDC1 3 ) d 1.25 (t, 3H); 1.30 (s, 6H); 1.44 (s, 
9H); 2,21 (s, 3H); 2.58 (s, 2H); 4.14 (q, 2H); 4,48 (s, IH); 
5.65 (s, IH). 

(2E)-5-tert-Butoxycarrx>nylainino-3,5-dime1hylliex-2-enoic 
acid: 



HjC 

h 3 c 



CH 2 



N 
H 



OH 



( 2E )- 5- tert-Butoxycarbony lamino- 3 , 5- dimethy lhex-2- 
enoic acid ethyl ester (1.95 g; 6.83 mmol) was dissolved in 
1,4-dioxane (25 ml) and water (15 ml). Lithium hydroxide 
(0, 18 g; 7.52 mmol) was added and the reaction mixture was 
stirred for 12 h at room temperature. Water (150 ml) and 
tert-butyl methyl ether (150 ml) was added. The aqueous 
phase was diluted with a 10% aqueous solution of sodium 
hydrogens ul fate until pH 2.5 and extracted with tert-butyl 
methyl ether (3x 100 ml). The combined organic phases were 
dried over magnesium sulfate and evaporated in vacuo. The 
residue was recrystallized from heptane (20 ml) to afford 0.6 
g of (2E Hert-Butoxyca rbony lamino- 3, 5- dimethy lhex- 2- 
enoic acid. 

'H NMR (CDC10 d 1.29 (s, 6H); 1.44 (s, 9H); 2.23 (s, 
3H); 2.62 (s, 2H); 4~45 (s, IH); 5.66 (s, IH). 
(2E)-5-(N-(tert Butoxycarbonyl)-N-methyIamino)-5- 
raethylhex-2-enoic acid. 



o 



CH 3 



CH 3 



OH 



Diacetonamine hydrogen oxalate (30.0 g; 146 mmol) was 
suspended in tetrahydrofuran (400 ml). An aqueous solution 
of sodium hydroxide (1 N; 146 ml) was added. Di-tert-butyl 
dicarbonate (38.3 g; 175 mmol) was dissolved in tetrahydro- 
furan (100 ml) and added dropwise to the reaction mixture. 
The reaction mixture was stirred for 2 h at room tempera- 
ture. Sodium hydroxide (1 N; 146 ml) was added and the 



60 

(2E)-5-(tert-Butyloxycarbonylamino)-5-methylhex-2- 
ertoic acid (5.00 g; 20.6 mmol) was dissolved in tetrahydro- 
furan (70 ml). Methy liodide ( 10.3 ml; 1 64 mmol) was added 
and the solution was cooled to 0° C. Sodium hydride (60% in 
65 oil) (2.07 g; 61.6 mmol) was added in portions and the solu- 
tion was stirred at room temperature for four days. Ethyl 
acetate (70 ml) and water (60 ml) was added dropwise and 
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the solvent was removed in vacuo. The crude product was 
dissolved in water (40 nil) and ether (40 nil). The organic 
phase was washed with a saturated aqueous solution of 
sodium hydrogencarbonate (30 ml). The aqueous phases 
were mixed and 5% aqueous citric acid was added to pH 3. 
The aqueous phase was extracted with ethylacetate (4x50 
ml). The organic phase was washed with water (2x40 ml), an 
aqueous solution of sodium thio sulfate (5%; 40 ml), water 
(40 ml), dried over MgS0 4 and the solvent was removed in 
vacuo. The residue was dissolved in ethylacetate (45 nil) and 
washed with an aqueous solution of sodium hydrogensulfate 
(10%; 3x30 ml), dried over MgSOj and concentrated in 
vacuo to give 4.00 g of (2E)-5-(N-(tert Butoxycarbonyl)-N- 
memylamtno)-5-methylhex-2-enoic acid. 

'H-NMR (CDCU) 5 1.38 (s, 6K), 1.45 (s, 9H); 2.80 (d, 
2H); 2.85 (s, 3H); 5.88 (d, 1H); 7.01 (q, 1H). 

Example 1 

(2E>-5- Amino-5-niethylhex-2-enoic acid N-(( 1 R> 1- 
{N-[( 1R)-1 -benzy l-2-(4-((dimethy lamino)methyl) 
piperidin-l-yl)-2-oxoetliyl]-N-memyIcarhamoyl}-2- 
(2-naphtliyI)etJiyl)-N-metIiyIamide 




4-(Dimethy lea rbamoyl)piperi dine- 1-carboxy lie acid tert- 
butyl ester 




o 



l-(tert-ButoxycarbonyI)piperidme-4-carboxylic acid (8.0 
g, 35 mmol) was dissolved in dichloromethane (70 ml) and 
N,N-dimethylformamide (35 ml). l-Hydroxy-7- 
azabenzolriazole (4.75 g, 35 mmol) was added. The solution 
was cooled (o 0° C. NO-dhnethylaminopropyl)-N'- 
eUiylcarbodiimide hydrochloride (6.69 g, 35 mmol) was 
added. The reaction mixture was stirred for 20 ruin at 0 P C. A 
5.6 M solution of dimethylamine in ethanol (37 ml, 209 
mmol) was added. The reaction mixture was stirred for 3 
days, while it was wanning up to room temperature. It was 
diluted wiili ethyl acetate (400 ml) and washed with a 10% 
aqueous solution of sodium hydrogen sulfate (400 mJ). The 
aqueous phase was extracted with ethyl acetate (2x200 ml). 
The combined organic layers were washed with a saturated 
aqueous solution of sodium hydrogen carbonate (300 ml) 
and dried over magnesium sulfate. The solvent was removed 
in vacua. The crude product was purified by flash chroma- 
tography on silica (300 g), using dichlorometliane/metlianol 
20:1 as eluent, to give 4.56 g of 4-(dimethylcarbamoyl) 
piperidine- 1-carboxy lie acid tert- butyl ester. 



9,315 Bl 

40 

1 H-NMR (CDC1 3 ): 5 1.47 (s, 9H), 1.70 (m, 4H); 
2.60-2.90 (m, 3H); 2.96 (s, 3H); 3.08 (s, 3H); 4.17(m, 2H). 

4-((Dimethy!ainino)inethyl)piperidine- 1 -carboxylic acid 
5 tert-butyl ester 



10 




15 

At 0° C. a solution of 4-((dimethylamino)methyl) 
piperidine- 1 -carboxylic acid tert-butyl ester (4.56 g, 18 
mmol) in tetrahyrofuran (80 ml) was added dropwise to a 
suspension of sodium borohydride (1.61 g, 43 mmol) in tet- 

20 rahydrofuran (80 ml). The reaction mixture was stirred lor 
20 min at 0° C. A solution of iodine 4.51 g, 18 mmol) in 
tetrahydrofuran (80 ml) was added dropwise at 0° C. The 
reaction mixture was heated to reflux for 16 h. It was cooled 
to 4° C. Methanol (200 ml) was added dropwise. Hie solvent 

25 was removed in vacuo. The residue was dissolved in a 20% 
aqueous solution of sodium hydroxide (200 ml) and tert- 
butyl methyl ether ( 1 50 ml). The phases were separated. The 
aqueous phase was extracted with tert-butyl methyl ether 
(3x100 ml). The combined organic layers were dried over 
magnesium sulfate. The solvent was removed in vacua. The 
crude product was purified by flash cliromatography on 
silica (100 g), using dich)oromethane/nietlianol/25% aque- 
ous ammonia (100:10:1) as eluent, to give 4.07 g of 

35 4-((dimethylamino)methyl)piperidine-l -carboxylic acid 
tert-butyl ester. 

'H-NMR (CDCI3): 5 1.22 (m, 2H); 1.44 (s, 9H); 1.85 (d, 
2H); 2.09 (m, 1H); 2.61 (s, 6H); 2.65 (m, 2H); 2.78 (t, 2H); 
40 4.05 (d,2H). 

N,N-Diinethyl-N-((piperidin-4-yl)methyl)amine 



o 

H 



A 3 M solution of hydrogen chloride in ethyl acetate (120 
ml, 360 mmol) was added to a solution of 
4-((dimethylanimo)methyl)piperidine- 1-carboxy lie acid 
tert-butyl ester (2.0 g, 14 mmol) in ethyl acetate (50 ml). The 
to reaction mixture was stirred for 30 min at room temperature. 
The solvent was removed in vacuo to give 2.3 g of the crude 
dihydrochloride salt of N,N-dimethyl-N-((piperidin-4-yl) 
methyl )a mine, which was used without purification for the 
next step. 

65 

1 H-NMR (CDC1 3 , selected values): 5 1.48 (m, 2H); 1.92 
(s, 6H); 3.22 (d, 2H). 
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N-[( 1 R)- 1 -Beiizyl-2-(4-((dimethylamino)methyl)piperidin- 
l-yl)-2-oxoethyl]-N-meiliylcart)ainic acid tert-butyl ester 




9,315 Bl 
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were removed in vacuo. Hie residue was dissolved in dichlo- 
romelliane (70 ml) and tlie solvent was removed in vacuo. 
The latter procedure was repeated two times. The crude 
product was purified by flash chromatography on silica (100 
5 g), using dichloromethane/methanol/25% aqueous ammonia 
(100:10:1), to give 659 mg of (2R)-l-(4-((dimethy lamino) 
methyDpiperidin- 1 -yl )- 2-(memy lamino)- 3-phenylpropan- 1 - 
one. 

10 'H-NMR (CDC1 3 , selected values): 6 0.91 and 1.47 (m 
andd, together IH); 1.27 (m, IH); 4.62(t, IH). 
N-(( 1 R)- 1 - {N-[( 1 R)- 1 -Benzyl-2-(4-((dimethy lamino) 
methyl)piperidin-l-yl)-2-oxoetliyl]-N-methylcarbamoyl}-2- 
(2-naphthyl)ethyl)-N-memylcarbamic acid tert-butyl ester 



At 0° C, N-(3-dimethylaminopropyl)-N'- 
etliylcarbodiimide hydrochloride (M58,g, 6.04 nmiol) was 
added to a solution of (2R)-2-(N-(tert-butoxycarbonyl)-N- 
meuiylamino)-3 -phenyl propionic acid (149 g T 6.04 mmol) 
and l-hydroxy-7-azabenzotriazoIe (0,822 g, 6.04 mmol) in 
dichloromethane (25 ml) and N,N-dimemylformamide (12 
ml). The reaction mixture was stirred for 20 min at 0° C. A 
solution of 'the crude dihydrochloride salt of N,N-dimethyl- 
N-((pirjeridin-4-yl)methyl)arauie ( 1 .3 g, 6.04 mmol) in N,N- 
dimethylformamide (10 ml) and dichloromethane (5 ml) and 
ethyldiisopropylamine (6.2 ml, 36.25 mmol) were added 
successively. Hie reaction mixture was stirred for 16 h, 
while it was wanning up to room temperature. It was diluted 
with ethyl acetate (100 ml) and washed with a saturated 
aqueous solution of sodium hydrogen carbonate (100 ml). 
The organic layer was dried over magnesium sulfate. The 
solvent was removed in vacuo. The crude product was puri- 
fied by flash chromatography on silica (100 g), using 
dichloromethane/methanol/25% aqueous ammonia 
(200:10:1) as eluent, to give 1.22 g of N-[(lR)-l-benzyl-2- 
(4-((dimetliylamino)methyl)piperidin-l-yl)-2-oxoethyl]-N- 
methylcarbaraic acid tert-butyl ester. 

'H-NMR (CDCl 3t selected values): 5 1 .28, 1.11,1 .37, and 
1.38 (all s, together 9H); 4.00 (m, IH); 4.57 (m, IH); 4.97 
and 5.28 (both t, together IH); 7. 10-7.40 (m, 5H). 

MS: 404 [M+l] + . 
(2R)- 1 -(4-((Dimethylamino)methyl)piperidin- 1 -yl)-2- 
(methy lamino )- 3-pheny lpropan- 1 - one 




At 0° C, trifluoroacetic acid (20 ml) was added to a solu- 
tion of N-[(lR)-l-benzyl-2-(4-((dimethylamino)methyl) 
piperidin-l-yl)-2-oxoethyl]-N-methyIcarbamic acid tert- 
butyl ester (1 .22 g, 3.02 mmol) in dichloromethane (20 ml). 
The reaction mixture was stirred for 1 h at 0° C. The solvents 




35. At 0° C, N-3-dimethylaminopropyl)-N'- 
ethylcarbodiinride hydrochloride (416 mg, 2.17 mmol) was 
added to a solution of (2R)-2-(N-(tert-butoxycarbonyl)-N- 
methylamino)-3-(2-naphthyl)-propioni acid (715 mg, 2.17 

40 mmol) and I-hydroxy-7-azabenzotriazole (296 mg, 2.17 
mmol) in dichloromethane (20 ml) and N,N- 
dimethyfonnamide ( 10 ml). The reaction mixture was stirred 
for 20 min at 0° c. A solution of (2R)- l-(4-((dimetliylamino) 
metliyl)piperidin-l-yl)-2-(methylamino)-3-pheuy lpropan- 1- 
one (659 mg, 2.17 mmol) in dicliloromethane (10 ml) and 
N^N-dimethylformamide (5 ml) and ethyldiisopropylamine 
(0.56 ml, 3.26 mmol) were added successively. The reaction 
mixture was stirred for 16 h, while it was warming up to 

30 room temperature. It was diluted with ethyl acetate (100 ml) 
and washed with a saturated aqueous solution of sodium 
hydrogen carbonate (100 ml). The aqueous solution was 
extracted with ethyl acetate (3x50 ml). The combined 

55 organic layers were dried over magnesium sulfate. The sol- 
vent was removed in vacuo. The crude product was purified 
by flash chromatography 60 on silica (80 g), using ethyl 
acetate/heptane/triethylamine (1:1:0.08) as eluent, to give 

60 1.05 g of N-((lR)-l-{N-[(lR)-t-benzyl-2-(4- 
(dimethylamino)methyl)piperidin-l-yl)-2-oxoethyll-N- 
methylcarbamoyl}-2-(2-naphthyl)ethyl)-N-methyIcarbaniic 
acid tert-butyl ester. 

65 'H-NMR (CDCI3, selected values): 5 1 .24 and 1 .42 (both 
s, together 9H); 5.04, 5.28, 5.44, 5.54, 5.73 (m, dd, dd, dd, 
and m, together 3H); 
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(2R)-N-[(lR)-l-Benzyl-2-(4-((diinethylamino)methyl) 
piperidin- 1 -yl)-2-oxoethyI]-N-methyl-2-(iiiethylainijio)-3- 
(2-naphthyl)propionamide 




At 0° C, trifluoroacelic acid (1 8 ml) was added to a solu- 
tion of N-((IR)- I-{N-[(IRM-benzyI-2-(4- 
((dimethylamino)methy 1 )piperidin- 1 -yI)-2-oxoethy 1]-N- 
methy!carbaraoyl}-2-(2-naphthy1)ethyl)-N-methylcarbaiTiic 
acid tert-butyl ester (1.05 g, 1.71 mmol) in dicliloromethane 
(18 ml). The reaction mixture was stirred for 50 min at 0° C. 
The solvents were removed in vacuo. The residue was dis- 
solved in dichloromethane (50 ml) and the solvent was 
removed in vacuo. The latter procedure was repeated two- 
times. The crude product was purified by flash cliromatogra- 
phy on silica (80 g), using dichiorometoane/raetIianol/25% 
aqueous ammonia as eluent, to give 846 mg of (2R)-N- 
RlR)-l-benzyl-2-(4-((dimethylammo)memyl)piperidin-l- 
yl)-2-oxoethy]]-N-methyl-2-(metliylairiino)-3-(2-naphthyl) 
propionamide. 

'H-NMR (CDC1 3 , selected values): 5 0.60 (m t 1H); 4.38 
(t, 1H); 5.72 and 5.79 (both t, together 1H). 
{(3E)-l-[N-((lR)-l-{N-[(lR)-l-Benzyl-2-(4- 
((dimethylamino)methyl)piperidin-l-yl)-2-oxoethyl]-N- 
methylcarbamoyI)-2-(2-naphthyl)ethyl)-N- 
methylcarbamoyl]- 1 , 1 -dimethylbut-3-enyl}carbamic acid 
tert-butyl ester 



35 



(methylamino)-3-(2-naphthyl)propionamide (300 mg, 0.58 
mraol) in dichloromethane (5 ml) and N,N- 
dimethylformamide (5 ml) and emyldiisopropylamine 0.10 
ml, 0.58 inniol) were added successively. The reaction mix- 
ture was stirred for 3 days, while it was warming up to room 
temperature. It was diluted with ethyl acetate (70 ml) and 
washed with a saturated aqueous solution of sodium hydro- 
gen carbonate (70 ml). The aqueous phase was extracted 
with ethyl acetate (3x50 ml). The combined organic layers 
were dried over magnesium sulfate. The solvent was 
removed in vacuo. The crude product was purified by flash 
chromatography on silica (70 g), using dichloromethane/ 
methanol/25% aqueous ammonia (200:10:1) as eluent, to 
give 313 g of {(3E)-4-[N-((lR)-l-{N-[(!R)-1-benzyl-2-(4- 
((dimethylamino)methyl)piperidin-l-yl)-2-oxoethylj-N- 
methylcarbaraoy 1 }-2-(2-naphthy l)ethy 1)-N- 
methylcarbamoyl]-l ( l-diniethylbut-3-enyl}carbamic acid 
tert-butyl ester. 

1 H-NMR (CDC1 3) selected values): 5 1 .28 and 1 .30 (both 
s, together 6H); 1.42 (s, 9H); 2,23, 2.27, 2.38, 2.43, 2.51, 
2.52, 2.81, and 2.82 (all s, together 12H); 5.56, 5.76, and 
5.90 (m, m, and dd, together 2H); 6.17 and 6.19 (both dd, 
together 1H); 6.94 (m, 1H). 

At 0° C, trifluoroacetic acid (6 ml) was added to a solu- 
tion of {(3E)-4-[N-((lR)-l-{N-[(lR)-l-benzyl-2-(4- 
((dimethylamino)methyl)piperidin- 1 -yl)-2-oxoethyl]-N- 
methylcarbamoyl}~2-(2-naphthy l)ethy 1)-N- 
methyl carbamoyl]- 1 ,1 - dim ethylbut- 3 -enyl} carbarn ic acid 
tert-butyl ester (212 mg, 0.29 mmol) in dichloromethane (6 
ml). The reaction mixture was stirred for 20 min at 0° C. It 
was diluted with dichloromethane (30 ml). A saturated aque- 
ous solution of sodium hydrogen carbonate (30 ml) was 
added dropwise. Solid sodium hydrogen carbonate was 
added, until pH 7 was obtained. The phases were separated. 
The aqueous phase was extracted with dichloromethane 
(3x50 ml). The combined organic layers were dried over 
magnesium sulfate. The solvent was removed in vacuo. The 
crude product was purified by flash chromatography on 
silica (20 g), using dichloromethane/methanol/25% aqueous 
ammonia (100:10:1) as eluent, to give 5 mg of the title com- 
pound. 



ch 3 o 



X CH, H | | 



CH 3 O 




CH, 



At 0° C, N-(3-dimethylaminopropyl)-N*- 
ethylcarbodiimide hydrochloride (112 mg, 0.58 mmol) was 
added to a solution of (2E)-5-(tert-butoxycarbonyIamino)-5- 
methylhex-2-enoic acid (142 mg, 0.58 mmol) and 
1 -hydroxy- 7-azabenzotriazble (79 mg, 0.58 mmol) in 
dieliloromethane (10 ml) and N.N-dimethylformamide (5 
ml). The reaction mixture was stirred for 20 rain at 0° C. A 65 
solution of (2R)-N-[(lR)-l-benzyl-2 (4-((dimethylamino) 
methyl)piperidin- 1 -yl)-2-oxoethyl]-N-methy 1-2- 



1 H-NMR (CDC1 3 , selected values): 5 1.20 (s, 6H); 2.28, 
2.32, 2.41, 2.49, 2.56, 2.57, 2.82, and 2.83 (all s. together 
12H); 5.58, 5.78, and, 5.92 (m, m, anddd, together 2H); 6.16 
and 6.19. (both d, together 1H); 7.00 (m, 1H). 

HPLC. 39.23 min (Al). 41.55 min (Bl). 

MS: 640.4 [M+l] + . 

For biological testing, the title compound was transferred 
into its acetate salt by lyophilization with 0.5 M acetic acid 
(40 ml). 
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Example 2 



46 



(3R)-3-Fonnylpiperidine- 1 -carboxylic acid tert-butyl esler 



(2E)-5-Amino-5-methylhex-2-enoic acid N-(( 1R)- 1 - 

{N-[( 1R)-1 ^beiizyl-2.((3S)-3- 
(diiuethylaniiiiomethyl)pipertdiji-l-yl)-2-oxoelliyl]- 
N-metIiylcarbamoyl)-2-(2-uaphihyl)etbyl)-N- 
methylamide 



H 3 C JCHj § = ch, o 



H 2 N 



CH 3 O 




(3R)-Piperidine-l,3~dicarboxylic acid 1 -tert-butyl ester 
3 -ethyl ester 




CH 3 



(R)-Emyl nipetcotaie tartrate (10.0 g t 32.5 mmol) were 
suspended in tetrahydrofuraii (90 ml). An 1 N solution of 
sodium hydroxidein water (98 ml, 98 mmol) was added. A 
solution of di-tert- butyl dicarbonate (7.10 g* 32.5 mmol) in 30 
tetrahydrofuraii (90 ml) was added. The reaction mixture 
was stirred for 16 h at room temperature. Ethyl acetate (400 
ml) was added. Hie reaction mixture was washed with a 
1 0% aqueous solution of sodium hydrogen sulfate (400 ml). 
The aqueous solution was extracted with ethyl acetate 55 
(2x200 ml). The combined organic layers were washed with 
a saturated aqueous solution of sodium hydrogen carbonate 
(200 ml) and dried over magnesium sulfate. The solvent was 
removed in vacuo. The crude product was purified by flash 
chromatography on silica (90 g), Using ethyl acetate/heptane *° 
1:4 as eluent, to give 4.13.g of (3R)-piperidine-l ,3- 
dicarboxylic acid 1 -tert-butyl ester 3-ethyl ester. 

'H-NMR (CDCI 3 ): 5 1.27 (t, 3H); 1,48 (s, 9H); 1.54 (m, 65 
1H); 1.62 (m, 1H); 1.73 (m, 2H); 2.05 (m, 1H); 2.45 (m, 
1H); 2.81 (m, 1H); 2.98 (br, IH); 3.93 (m. IH); 4.14 (q, 1H). 




'CHj 



A 1.2 M solution of diisobutylaluminum hydride in tolu- 
ene (30.8 ml, 36.9 mmol) was added at -78° C. to a solution 
of (3R)-piperidine-l.3-dicarboxylic acid 1 -tert-butyl ester 
3-ethyl ester (4.13 g, 16.1 mmol) in diethyl ether (30 ml). 
The reaction mixture was stirred for 2.5 h at -78° C. Water 
(9.6 ml) was added dropwise. The reaction mixture was 
warmed to room temperature. The precipitation was 
removed by filtration through a plug of celite. The eclite was 

25 washed with tert-butyl methyl ether (3x100 ml). The liquids 
were combined and dried over magnesium sulfate. The sol- 
vent was removed in vacuo, to give 1.94 g of crude (3R)-3- 
formylpiperidme- 1 -carboxylic acid tert-butyl ester, which 
was used for the next step without further purification, 

30 'H-NMR (CDC1,): $ 1 45 (s, 9H); J .67 (m, 2H); 1 .95 (m, 
IH); 2.43 (ra, IH); 3.10 (in, IH); 3.32 (dd, IH); 3.52 (d, IH); 
3.66 (m, IH); 3.95 (m, IH); 9.69 (s. IH). 
(3S)- 3-(Dimetliylaminomethyl)pi peri dine- 1 -carboxylic acid 

35 tert-butyl ester 



^CH 3 



N 
I 

CH 3 



A solution of crude (3R)-3-fonnylpiperidine-l -carboxylic 
acid tert-butyl ester (1.94 g, 9.1 mmol) in dichloromethane 
(80 ml) was prepared. A 5.6 M solution of dimethylamine in 
ethanol (3.2 ml, 18.2 mmol) and mol sieves were added 
successively. Sodium triacetoxyborohydride (5.78 g, 27.3 
mmol) was added to this mixture. Acetic acid ( 1 .04 ml» 18.2 
mmol) was added. The reaction mixture was stirred for 16 h 
at room temperature. An 1 N aqueous solution of sodium 
hydroxide (70 ml) and tert-butyl methyl ether (70 ml) were 
added. The phases were separated. The aqueous solution was 
extracted with tert-butyl methyl ether (3x70 ml). The com- 
bined organic layers were dried over magnesium sulfate. Hie 
solvent was removed in vacuo. The crude product was puri- 
fied by flash chromatography on silica (40 g), using 
dichloromethane/methanol/25% aqueous ammonia 
(100:10:1) as eluent, to give 866 mg of (3S)-3- 
(dimethylaminomethyl)piperidine-l -carboxylic acid tert- 
butyl ester. 
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'H-NMR(CDC1 3 ): 5 1.10 (m, IH); 1.45 (s, 9H), 1.45(111, 
IH); 1.64 (m, 2H); 1 .85 (m, IH); 2.10 (in, 2H); 2.20 (s, 6H); 
2.50 (br, IH); 279 (m, IH); 3.95 (m, 2H). 
N,N-Dmielhyl-N-(((3R)-piperidin-3-yl)melhyl)amine 

CH 3 



crc 



(3S)-3-(Dimethylaminomethyl)piperidine-l-carboxylic 
acid tert-butyl ester (1.25 g, 5.15 mmol) was dissolved in 
ethyl acetate (30 ml). A 2.7 M solution of hydrogen chloride 
in ethyl acetate (75 ml, 203 mmol) was added. The reaction 
mixture was stirred for 45 min at room temperature. The 
solvent was removed in vauco to give 976 mg of the crude 
diliydrochloride salt of N»N-diineUiyl-N-(((3R)piperidin-3- 
yl)methyl)amine, which was used for the next step without 
further purification. 

'H-NMR (CD 3 OD): 5 1.42 (m, IH); 1.86 (m, IH); 2.00 
(m, 2H); 2.38 (m, IH); 2.85 (t, IH); 2.95 (s, 6H); 2.98 (m, 
IH); 3.16 (m, 2H); 3.42 (m, IH); 3.53 (m, IH). 
N-[(lR)-l-Benzyl-2-((3S)-3-(dimethylamiiiomethyl) 
piperidin-I-yl)-2-oxoethyIJ-N-methylcarbamic acid tert- 
butyl ester 



H 5 C 



CHt O 




CH 3 



At 0° C. ^^(3-dimethylaminopropyl)-N , - 
etliylcarbodiiniide hydrochloride (870 mg, 4.-54 mmol) was 
added to a solution (2R)-2-(N-(tert-butoxycarbonyI)-N- 
memylaniino)-3-phenylpropionic acid (1.27 g, 4.54 minol) 
and 1 -hydroxy- 7-azabenzotriazole (617 mg, 4,54 minol) in 
diehloromethane (20 ml) and N,N- dimethyl formamide (10 
ml). The reaction mixture was stirred for 20 min at 0° C. A 
solution of the crude diliydrochloride salt of N,N-dimethyl- 
N-(((3R)-piperidm-3-yl)meUiyl)amine (976 mg, 4.54 minol) 
in diehloromethane (20 ml) and N,N-dime1hylformamide 
( 10 ml) and ethyldiisopropylamine (3.9 ml, 22.7 mmol) were 
added successively. The reaction mixture was stirred for 3 
days, while it was wanning up to room temperature. Ethyl 
acetate (300 ml) was added. The solution was washed with a 
saturated aqueous solution of sodium hydrogen carbonate 
(300 ml). The aqueous phase was extracted with ethyl 
acetate (2x200 ml). The combined organic layers were dried 
over magnesium sulfate. The solvent was removed in vacuo. 
The crude product was purified by flash chromatography on 
silica (90 g), using dichloromediane/methanol/25% aqueous 
ammonia (100:10:1) as eluent, to give 1.69 g ofN-[(lR)-l- 
benzyl-2-((3S)-3Hdimethylammomethyl)piperidin-l-yl)-2- 
oxoetliyl]-N-metliylcarbamic acid tert-butyl ester. 

^-NMR (CDC1 3 , selected values): 5 1 .20, 1 .24, 1.31, and 
1.32 (all s, together 9H); 2.12. 2.1 3, and 2,18 (all s, together 
6H); 2.81 (m, 3H); 4.97 and 5.30 (both m, together IH); 
7.05-7 35 (m, 5H). 



15 



25 
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(2R>- 1 -((3S )-3-((Dimethy Iamino)methyl)piperidin- 1 -yI)-2- 
methylamino- 3-pheny Ipropan- 1 -one 



ch 3 



HN 



10 




At 0° C, irifluoroacetic acid (25 ml) was added to a solu- 
tion of N-[( 1R)- 1 -benzyl-2-((3S)-3-(dimethylaminomelliyl) 
piperidtn-l-yl)-2-oxoethyl]-N-methylcarbainic acid tert- 
butyl ester (1.69 g, 4.2 mmol) in diehloromethane (25 ml). 
The reaction mixture was stirred for 30 min at 0° C. The 
solvent was removed in vacuo. The residue was dissolved in 
diehloromethane (100 ml) and the solvent was removed in 
vacuo. The latter procedure was repeated two times. Hie 
crude product was purified by flash chromatography on 
silica (90 g), using dichloromethane/metlianol/25% aqueous 
ammonia (100:10:1) as eluent, to give 1.15 g of (2R)-1- 
((3S)-3-((dimethylamino)methyl)piperidiu- 1 -y l)-2- 
methylamino-3-phenylpropan- 1-one. 

l H-NMR (CDC1 3 , selected values): 8 0.38, 1 .1 1, ( 1 .37, and 
1.65 (all m, together 4H); 2.11, 2.19, 2.25, and 2.31 (all s, 
together 9H); 4.37 and 4.53 (both m, together IH); 
7.10-7.35 (in, 5H). 

N-((lR)-l-{N-[(lR)-l-Benzyl-2-((3S)-3-((dimeUiylaniino) 
me0iyl)pir^ridin-l-yl)-2-oxc«thyl}-N-methylcarbamoyl}-2- 
(2-naphthyl)ethyl)-N-metliylcarbannc acid tert-butyl ester 



H 3 C 

h 3 c 



CH 3 



45 




CH 3 O 



CH 3 



At 0° C. N-(3-dimethylaminopropyl )-N'~ 
ethylcarbodiimide hydrochloride (379 mg, 1.98 mmol) was 
added to a solution of (2R)-2-(N-(tert-butoxycarbonyl)-N- 

55 metliylamino)-3-(2-naphthyl)propionic acid (651 mg, 1.98 
mmol) and 1- hydroxy- 7-azabenzotriazole (269 mg, 1.98 
mmol) in diehloromethane (10 ml) and N,N- 
dhnethyl formamide (5 ml). The reaction mixture was stirred 
for 20 min at 0° C. A solution of (2R)- l-((3S)-3- 

60 ((diinethylamino)methyl)piperidin- l-yl)-2-methylamino-3- 
phenylpropan- 1-one (600 mg, 1.98 mmol) in diehlo- 
romethane (10 ml) and ethyldiisopropylamine (0.51 ml, 2.97 
mmol) were added successively. The reaction mixture was 
stirred for 3 days, while it was warming up to room tempera- 

65 ture. Ethyl acetate (100 ml) was added. The solution was 
washed with a saturated aqueous solution of sodium hydro- 
gen carbonate (100 ml). The aqueous phase was extracted 
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with ethyl acetate (3x50 ml). The combined organic layers 
were dried over magnesium sulfate. The solvent was 
removed in vacuo. The crude product was purified by flash 
chromatography on silica (90 §), using dichlorornethane/ 
methanol/25% aqueous ammonia (100:10:1) as eluent, to 
give 1. 18 g of N-((lR)-l-{N-[(IR)-I-benzyl-2-((3S)-3- 
((dimethylanuno)methyl)piperidin- 1 -yl)-2-oxoethyl]-N- 
memylcarbamoyl}0-(2Miaphthyl)etliyl)-N-phethylcarbamic 
acid tert-butyl ester. 

'H-NMR (CDCU, selected values): 5 0.45 and 0.7 1 (both 
m, together 1H); 1/03, 1.05, 1.15, 1.20, 1.28, 1.36, and 1.42 
(ail s, together 9H); 2.12, 2.15, 2.21, 2.26, 2.29, 2.85 (all s, 
together 6H); 5.05, 5.44, 5.58, 5.71, 5.85, and 6.00 (all s, 
together 2H); 7. i 0-7.80 (m, j 2H). 



)0 



50 



(2R)-N-[(lR)-l-benzyl-2-((3S)-3-((dimeUiylainino)m ethyl) 
piperidin-l-yl)-2-oxoethyl]-N-metliyl-2-(methylamino)-3- 
(2-na phthy I )propioiiamide. 

'H-NMR (CDC1-,, selected values): 5 2.01 and 2.25 (both 
s, together 9H); 3.72 (m, 2H); 3.95 and 4.27 (both m, 
together 1H); 5,77, 5.86, and 6.03 (t, m, and dd, together 
1H); 7.10 and 7.85 (m, 12H). 

{(3E)-4-[N-((lR)-l-{N-[(lR)-l-Benzyl-2-((3S)-3- 
((dimethylamino)methyl)piperidin-l-yl)-2-oxoetliyl]-N- 
methylcarbamoyl}-2-(2-naphthyl)ethyl)-N~ 
methylcarbamoyl]- 1 , 1 -dimethylbut-3-enyl}carbamic acid 
tert-butyl ester 



9"^ 9 H 3 C CH, 



CHj O 




(2R)-N-[(lR)-l-Beiizyl.2K(3S)0-((dimeUiylaniino)methyl) 
piperidin- 1 -yl)-2-oxoethyl]-N-methyl-2-(methylarnino)-3- 
(2-naphtliyl)propionamide 




40 



45 



50 



At 0°C, trifluoroacetic acid (20 ml) was added to a solu- 55 
tion of N-((lR)-l-{N*[(lR)-l-bcnzyl-2-((3S)-3- 
((dimetliylamino)methyl)piperidin-l-yl)-2-oxoethyl]-N- 
methylcarbamoyl}-2-(2-naphthyl)ethyl)-N-melliylcarbamic 
acid tert-butyl ester (1.189, 1.92 mmol) in dichloromethane ■ 
(20 ml). Tlie reaction mixture was stirred for 50 min at 0° C. 
The solvent was removed in vacuo. The residue was dis- 
solved in dichloromethane (80 ml) and the solvent was 
removed in vacuo. The latter procedure was repeated two 
times. The crude product was purified by flash chromatogra- 65 
phy on silica (40 g), using dichloromethane/metlianol/25% 
aqueous ammonia (100:10:1) as eluent, to give 788 mg of 



At 0° C, N-(3-dimethylaniinopropyl)-N'- 
cmylcarbodiimide hydrochloride (105 mg, 0.55 mol) was 
added to a solution of (2E)-5-(tert-butoxycarbonylamino)-5- 
methylhex-2-enoic (136 mg, 0.55 mmol) and l-hydroxy-7- 
azabenzotriazole (74 mg, 0.55 mmol) in dicliloromethane (5 
ml). The reaction mixture was stirred for 20 min at 0° C. A 
solution of (2R)-N-[(lR)-l-benzyl-2-((3S)-3- 
((dimethylamiuo)methyl)piperidin-l-yl)-2-oxoethyl]-N" 
memyl-2-(methylamino)-3-(2-naphthyl)propionainide (28 1 
mg, 0.55 mmol) in dichloromethane (5 ml) and N,N- 
dimethylformamide (5 ml) and ethyldiisopropyl amine 
(0.094 nil, 0.55 mmol) were added successively. The reac- 
tion mixture was stirred for 1 6 h, while it was warming up to 
room temperature. It was diluted with ethyl acetate (70 ml) 
and washed with a saturated aqueous solution of sodium 
hydrogen carbonate (70 ml). The aqueous phase was 
extracted with ethyl acetate (3x50 ml). The combined 
organic layers were dried over magnesium sulfate. The sol- 
vent was removed in vacuo. The crude product was purified 
by flash chromatography on silica (40 g), using 
dichloroniethane/methanol/25% aqueous ammonia 
(100:10: 1) as eluent, to give 398 mg of {(3E)-4-[N-((lR)-l~ 
N-[(TR)-l-benzyl-2-((3S)-3-((dimethylamino)methyl) 
piperidin- l-yl)-2-oxoethy l]-N-methylcarbamoy l}-2-2- 
naphlhyl)ethyl )-N-inethylcarbamoyll 1 , 1 -dimethy lbut- 3- 
enyl}carbamic acid tert-butyl ester. 

'H-NMR (CDC! 31 selected values): 5 1.44 (s, 9H); 5.58, 
5.75, and 5.86 (all m, 2H); 6.09 and 6.17 (both d, together 
1H); 6.84 (m, 1H); 7.10-7.80 (in, 12H). 

At 0° C, trifluoroacetic acid (7 ml) was added to a solu- 
tion of {(3EH-tN-((lR)-l-{N-[(lR)-l-benzyl-2-((3S)-3- 
((dimelhyJamino)methyl)piperidin-l-yl)-2-oxoethyl]-N- 
methylcarbamoyl)-2-(2-naphthyl)ethyl)-N- 
methylcarbamoyll- 1 , 1 -dimejthylbut-3-enyl}carbamic acid 
tert-butyl ester (398 mg, 0.54 mmol) in dichlorometliane (7 
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ml). The reaction mixture was stirred for 40 min at 0° C. The 
solvent was removed in vacuo. The residue was dissolved in 
dichloromethane (20 ml) and the solvent was removed in 
vacuo. The latter procedure was repeated two times. The 
crude product was purified by flash chromatography on 
silica (40 g), using dichloromethane/metlianol/25% aqueous 
ammonia (100:10:1) as eluent, to give 150 mg of the title 
compound. 

! H-NMR(CDCU, selected values): 5 1.08,1,12, 1.1 4, and 
1.15 (all s, together 6H), 5.46, 5.59, 5.75, and 5.94 (all m, 
together 2H); 6.1 5 (m,U-I); 6.93 (m, IH). 

HPLC 27.55 min (A) ). 30.23 min (Bl). 

LC-MS: 640.4 [M+l] + at 8.54 min. 

For biological testing, the title compound was transferred 
into its acetate salt, by lyophilization from 0.5 M acetic acid 
(40 ml). 

Example 3 

(2E)-4-(l-Ammocyclobul:yl)but-2-enoic acid N- 
((lR)-l-{N-t(lR)-l-benzyl-2-((3S)-3- 
(dunetbylammomethyl)piperidin-l-yl)-2-oAoethyl]- 
N-methylcarbamoyl}-2-(2-naphtliyl)ethyl)-N- 
methylamide 



20 




CHj O 




25 



30 



r-Y" 



( 1 - {(2E)-3- [N-(( 1 R)- 1 -{N-[( 1 R )- 1 -Benzyl-2-((3S )- 3- 
((diniethylamino)methyl)piperidin-l-yl)-2-oxoetliyl]-N- 
methylcarbamoyl }- 2-(2-naphthyl)ethy 1)-N- 
methylcarbamoyl]allyl}cyclobutyl)carbamic acid tert-butyl 
ester 



added to a solution of (2E)-5-(tert-butoxycarbonylamino)-5- 
methylhex-2-enoic acid (113 mg, 0.44 mmol) and 
l-hydroxy-7-azabenzotriazole (60 mg, 0.44 mmol) in 
dichloromethane (5 ml) and N.N-dimemyl forma mide (5 
ml). Hie reaction mixture was stirred for 20 min at 0° C. A 
solution of (2R)-N-[(lR)-l-benzyl-2-((3S)-3- 
((diniethylamiuo)methyl)piperidin- 1 -y l)-2-oxoetliyi]-N- 
methyl-2-(methylaminoM2-naphlliyl)propionamide (228 
mg, 0.44 mmol) in dichloromethane (10 ml) and ethyldiiso- 
propylamine (0.07 ml, 0.44 nunol) were added successively. 
The reaction mixture was stirred for 1 6 h, while i was warm- 
ing up to room temperature. It was diluted with ethyl acetate 
(70 ml) and washed with a saturated aqueous solution of 
sodium hydrogen carbonate (70 ml). The aqueous phase was 
extracted with ethyl acetate (3x50 ml). The combined 
organic layers were dried over magnesium sulfate. The sol- 
vent was removed in vacuo. The crude product was purified 
by flash chromatography on silica (40 g), using 
dichloromethane/methanol/25% aqueous ammonia 
(100:10:1) as eluent, to give 314 mg of (l((2E)-3-[N-((lR)- 
l-{N-t(lR)-l-benzyl-2-((3S)-3-((dimediylamino)methyl) 
piperidin-l-yl)-2-oxoethyl]-N-methylcarbamoyl}-2-(2- 
naphthyI)ethyI)-N-raethylcarbamoyl]aIlyl}cyclobutyl) 
carbamic acid tert-butyl ester. 

'H-NMR (CDC1 3 , selected values): 5 1.40 (m, 9H); 4.22 
and 4.67 (both m, together 2H); 5.60, 5.75, 5.85, and 5.90 
(dd, dd, m, and m, together 2H); 6.10 and 6.19 (both d, 
together 1H); 6.73 and 6.87 (both m, together 1H); 7.22, 
7,42, and 7.76 (all m, together 12H). 

At 0° C, trifluoroacetic acid (7 ml) was added to a solu- 
tion of (!-{(2E)-3-[N-((lR)-l-{N-[(lR)-l-benzyl-2-((3S)- 
3-((dimethylamino)methyl)piperidin- 1 -yl)- 2-oxoethy I]-N- 
methylcarbamoyl}-2-(2-naphthy l)ethyl)-N- 
memylcarbamoyllallyl}cyclobutyl)carbamic acid tert-butyl 
ester (314 mg, 0.42 mmol) in dichloromethane (7 ml). The 
reaction mixture was stirred tor 20 min at 0° C. Hie solvent 
was removed in vacuo without heating. The residue was dis- 
solved in dichloro methane (20 ml) and the solvent was 
removed in vacuo. The latter procedure was repeated two 
times. The crude product was purified by flash chromatogra- 
phy ou silica (40 g), using dichloromethane/methanol 
ammonia (100:10:1) as eluent, to give 180 mg of the title 
compound. 

'H-NMR (CDCI3, selected values): 5 0.40 and 0.74 (both 
m, together 2H); 3.73 and 4.22 (both m, together 2H); 5.57, 
5.77, and 5.91 (all m, together 2H); 6.15 and 6.24 (both d, 



ch 3 o 



H 3Cv | II 




CHj O 




At 0° C, N-(3-dimethylaminopropyl)-N'- 
etliylcarbodiimide hydrochloride (85 mg, 0.44 mmol) was 



65 



together 1H); 6.85 and 6.96 (both m, together IH); 7,22, 
7,92, and 7.74 (all m, together 12H). 
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HPLC: 28.03 min (A 1). 29.92 min (Bl). 
MS: 652.4 [M+l] + 

For biological testing, the title compound was transferred 
into its diacetate salt by lyophilization from 0.5 M acetic 
acid (40 ml). 

Example 4 

(2E)-5-Amino-5-methylhex-2-enoic acid N-(( 1R)- 1- 
{N-[( 1R)- 1 -benzyl- 2-((2S)-2-((dmiethylamino) 
m ethyl )pyrrolidin- 1 -yl)-2-oxoelhyl]-N- 
metliylcarbamoyl}-2-(2-naplimyl)ethyI)-N- 
methylamide 



h 3 c ch 3 




CH, O 




(2S)- Pyrrolidine- 1 ,2-dicarboxylic acid 1-tert-butyl esler 
2-ethyl ester 



ch 3 




54 



N^-Buryloxycarbonyl-(S)- prolixin I 

N 



H 3 C- 



-CH 3 



CH 3 



At -78° C, a 1.2 M solution of diisobutylaluminum 
hydride (31 .7 ml, 38 minol) in toluene was added dropwise 
to a solution of (2S)-pyrrolidine-l ,2-dicarboxylic acid 
1-tert-butyl ester 2-ethyl ester (4.02 g, 1 6.5 mmol) in diethyl 
ether (1.5 ml). The reaction mixture was stirred for 3 h at 
-78° C. Water (9.9 ml) was added dropwise. The reaction 
mixture was warmed to room temperature. The mixture was 
filtered through a plug of celite. The celite was washed with 
tert-butyl metliyl ether (3x100 ml). The combined organic 
layers were dried over magnesium sulfate. The solvent was 
removed in vacuo, to give 2.34 g of crude N-t- 
butyloxycarbonyl-(S)-prolinal, which was used for the next 
step without further purification. 

'H-NMR (CDC1 3 ): 5 1 .42 and 1 .47 (both s, together 9H); 
1 .70-2.20 (m, 4H); 3.20-4.30 (m, 3H); 9.45 and 9.55 (both 
s, together 1H). 

(2S)-2-((Dimethylamino)methyl)pyrroiidine- 1 -carboxylic 
acid tert-butyl ester 



H 3 C 



"CH 3 



N-tert-Butoxycarbonylprolin (24.38 g, 113 mmol) was 
dissolved in dichloromethane (60 ml). Ethanol (7.9 ml, 135 
mmol) and 4-dimethylammopyridine (1.52 g, 12.5 mmol) 
were added. The solution was cooled to 0° C. N-(3- 
dmiethylnminopropylJ-N'-etliylcarbodiimide hydrochloride 
(23.88 g, 125 mmol) was added. The reaction mixture was 
stirred for 16 h, while it was wanning up to room tempera- 
ture. Ethyl acetate (400 ml) was added. It was washed with a 
10% aqueous solution of sodium hydrogen sulfate (300 ml). 
The aqueous phase was extracted with ethyl acetate (3x200 
ml). The combined organic layers were washed with a satu- 
rated aqueous solution of sodium hydrogen carbonate (300 
ml) and dried over magnesium sulfate. The solvent was 
removed in vacuo. The crude product was purified by flash 
chromatography on silica (400 g), using ethyl acetate (1:4) 
as eluent, to give 17.11 g of (2S)-pyrrolidine-l ,2- 
dicarboxylic acid 1 -tert-butyl ester 2-ethyl ester. 

1 H-NMR (CDCI3): 5 1.28 (m, 3H); 1.43 and 1.46 (both s, 
together 9H); 2.95 (m, 3H); 2.22 (m, 1H); 3.50 (m, 2H), 4.18 
and 4.30 (m and dd, together 3H). 



Crude N-t-butyloxycarbonyl-(S)-prolinal (2.34 g, 1 1 .7 
mmol) was dissolved in dichloromefhane (90 ml). A 5.6 M 
solution of dimethylamine in ethanol (4.19 ml, 23.5 mmol) 
was added. 0.4 nm Mol sieves (10.0 g) was added. Sodium 

so triacetoxyboro hydride 7.47 g, 35.2 mmol) and glacial acetic 
acid (1.34 ml, 23.5 mmol) were added successively. The 
reaction mixture was stirred for 3 days. It was filtered 
through a plug of celite. The celite was washed with metha- 
nol (150 ml). An IN aqueous solution of sodium hydroxide 

55 (150 ml) and tert-butyl methyl ether (150 ml) were added. 
The phases were separated. The aqueous phase was 
extracted with tert-butyl methyl ether (3x100 ml). The com- 
bined organic layers were dried over magnesium sulfate. 'Hie 
solvent was removed in vacuo. The crude product was puri- 

60 tied by flash chromatography on silica (90 g), using 
dichlorome thane/me thanol/2 5% aqueous ammonia 
(100:10:1) as eluent, to give 1.29 g of (2S)-2- 
((dimethylamino)methyI)pyrrolidine-l -carboxylic acid tert- 

65 butyl ester. 

^-NMR (CDCI3): 5 1.48 (s, 9H); 1.90 (m, 4H); 2.15 and 
2.23 (AB, 2H); 2.26 (s, 6H); 3.31 (br, 2H); 3.85 (br, 1H). 
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N-Dunethyl-N"(((2S)-pym)liclm-2-yl)metiiyl)amiiie 




CH 3 



A 2.7 M solution of hydrogen chloride in ethyl acetate (75 
ml, 202 mmol) was given to a solution of (2S)-2- 
((duneUiylamino)memyl)pyiTolidiiie- 1-carboxylic acid tert- 
butyl ester (1 .29 g, 5.65 mmol) in ethyl acetate (30 ml). The 
reaction mixture was stirred for 30 min at room temperature. 
The solvent was removed in vacuo to give ! ,36 g of the crude 
dihydroehloride salt of N-dim ethyl -N-(((2S)- pyrrol idin- 2- 
yl)methyl famine, which was used forme next step without 
further purification. 

! H-NMR (CDC1 3 ): 5 1 .90 (m, 2H); 2.1 7 (m t 1H); 2.40 (m, 
1H); 2.90 (111, 2H); 3.14 (s, 6H); 3.55 (m, 2H); 4.35 (m, 1H). 

N-[(lR)-l-Benzyl-2-(^S)-2-((dimethylamino)methyl) 
pyrroIidin-I-yI)-2-oxoetiiyl]-N-meUiytcarbainic acid tert- 
butyl ester 



CH 3 



H3 W N 

CH> O 




30 



CH, 



At 0° C, N-(3-dimethylaminopropy1)-N'- 
ethylcarbodiimide hydrochloride (1.30 g, 6.76 mmol) was 
added to a solution of (2R)-2-(N-tert-butoxycarbonyl)-N- 
methylamino)-3-phenylpropionic acid (1.89 g, 6.76 mmol) 40 
and 1 -hydroxy- 7-azabenzotriazoIe 0.92 g, 6.76 mmol) in 
dichloromethane (10 ml). Hie reaction mixture was stirred 
for 20 min at 0° C. A solution of the crude dihydroehloride 
salt of N-dimethyl-N-(((2S)-pyrrolidin-2-yl)methyl)amine 
(1.36 g, 6.76 mmol) in dichloromethane (10 ml) and N,N- ^ 5 
dimethyl formamide (10 ml) and ethyl diisopropyl amine 
(5.75 ml, 33.8 mmol) were added successively. The reaction 
mixture was stirred for 16 h, while it was warming up to 
room temperature. It was diluted with ethyl acetate (100 ml) 
and washed with a saturated aqueous solution of sodium 50 
hydrogen carbonate (100 ml). The aqueous phase was 
extracted with ethyl acetate (3x80 ml). The combined 
organic layers were dried over magnesium sulfate. The sol- 
vent was removed in vacuo. The crude product was purified 55 
by flash chromatography on silica (90 g), using 
dichloromethane/methanol/25% aqueous ammonia 
(100.10:1) as eluent, to give 2.26 g of N-[(lR)-l-beuzyl-2- 
((2S)-2-((dimethy1amino)methyl)pyrrolidin : l-yl)-2- 
oxoethylJ-N-methylcarbamic acid tert- butyl ester. 60 

! H-NMR (CDC1 3 , selected values): 5 1.20, 1.33, and 1 37 
(all s, together 9H); 2.22 and 2.28 (both s, together 6H); 2.82 
and 2.84 (both s, together 3H); 4.25 (in, 1H); 4.80, 5.1 i,and 
5.30 (dd, t, and m, together 1H); 7. 10-7.30 (m, 5H). 65 

C 22 H 35 N 3 0 3 [389.5]; calc. C, 67.83, H, 9.06; N, 10.79; 
found C, 67.39; H, 9. 1 3; N, 10.73. 
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(2R)-l-((2S)-2-((Dimethylamino)methyl)pyrrolidin-l-yl)- 
2-metliy 1 am ino- 3 -pheny Ipropan- 1 -one 




CH 3 



At 0° C, irifiuoroaeetic acid (8 ml) was added to a solu- 
15 tion of N-[(lR)-l-benzyl-2-((2S)-2-((dimethylamino) 
methyl)pyrrolidin-l-yl}-2-oxoethyl]-N-methylcarbamic 
acid tert-butyl ester (2.26 g, 5.80 mmol) in dichloromethane 
(8 ml). The reaction mixture was stirred for 20 min at 20 0° 
C. The solvent was removed in vacuo. Dichloromethane (70 
20 ml) was added, and the solvent was removed in vacuo. The 
latter procedure was repeated two times. The crude product 
was purified by flash chromatography on silica (90 g), using 
dichIoromethane/ r methanol/25% aqueous ammonia 
(100:10:1) as eluent, to give 1.24 g of (2R)-l-((2S)-2- 
25 ((dimethytamino)methyl)pyrrolidin- 1 -yl)-2-methylamino- 
3-pheny Ipropan- 1 -one. 

1 H-NMR (CDCI3, selected values): 6 2.33 (s, 3H); 2.43 (s, 
6H); 3.25 (m, 3H); 4.17 (m, 1H); 7.25 (m, 5H). 
N-(( 1 R)- 1 - {N-[( 1 R)- 1 -Benzyl- 2-((2S)- 2-((dimethylaraino) 
methyl)pyrrohdm-l-yl)-2-oxoethyl]-N-methylcarbamoyl}- 
2-(2-naphthyl)etJ)y])-N-methylcarbamic acid tert-butyl ester 



ch 3 o 




ch 3 o 




CH 3 



At 0° C, N-(3-dimethylaminopropyl)-N'- 
ethylcarbodiimide hydrochloride (530 mg, 2.76 mmol) was 
added to a solution of (2R)-2-(N-(tert-butoxycarbonyl)-N- 
methylamino)-3-(2-naphthyl)propionic acid (9 1 1 mg, 2.76 
mmol) and l-hydroxy-7-azabenzotriazole (376 mg, 2.76 
mmol) in dichloromethane (5 ml). The reaction mixture was 
stirred for 20 min at 0° C. A solution of (2R)-U((2S)-2- 
((dimethylamino)methyl)pyrrolidin-l-yl)-2-methylamino- 
3-phenylpropan-l-one (800 mg, 2.76 mmol) in dichlo- 
romethane (5 ml) and N.N-dimemylformamide (5 nil) and 
etliyldiisopropylamine (0.71 ml, 4.15 mmoi) were added 
successively. The reaction mixture was stirred for 3 days, 
while it was warming up to room temperature, It was diluted 
with ethyl acetate (100 ml) and washed with a saturated 
aqueous solution of sodium hydrogen carbonate (100 mi). 
The aqueous solution was extracted with ethyl acetate (3x70 
ml). The combined organic layers were dried over magne- 
sium sulfate. The solvent was removed in vacuo. The crude 
product was purified by flash chromatography on silica (90 
g), using dicliloromethane/methanol/25% aqueous ammonia 
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(200:10:1) as eluent, to give 1.37 g of N-((IR)-i-{N-[(lR)- 
1 -benzyl- 2- ((2S)- 2 -((dimethyl am iuo)methy l)pyrrolidin- 1 - 
yl)-2-oxoetliyl]-N-methylcarbamoyl}-2-(2-naphthyl)elliyl)- 
N-methylcarbamic acid tert-buryl ester. 

J H-NMR (CDCl 3 , selected values): 5 0.64 (m, 1H); 1.10, 
1 .29, 1 .36, and 1 .47 (all s, together 9H); 4.99, 5.09, 5.45, and 
5.53 (t, t, m, and t, together 2H); 7.10-7.90 (m, 12H). 
(2R)-N-[( 1R)- l-Ben2yl-2-((2S)-2-((diraeUiylamino)methyl) 
pyrrolidin- 1 -yl)-2-oxoethyl]-N-methyl-2-(methylamino>-3- 
(2-naphthyl)propionamide 




CH 3 




CHj 



10 



20 



25 



At 0° C, trifluoroacetic acid (10 ml) was added to a solu- 
tion of N-((lR)-l-{N-[(lR)-l-benzyl-2-((2S)-2- 
((dimetliylamino)methyl)pyrroHdin-l-yl)-2-oxoethylj-N- 
methylcarbanioyl}-2-(2-naphtliyl)etliyl)-N-methylcarbamic 
acid tert-butyl ester.(1.37 g, 2.28 mmol) in dichloromethane 
( 10 ml). The reaction mixture was stirred for 75 min at 0° C. 
The solvent was removed in vacuo. The residue was dis- 
solved in dichloromethane (70 ml) and the solvent was 
removed in vacuo. The latter procedure was repeated two 
times. Hie crude product was purified by flash chromatogra- 
phy on silica (90 g), using dichloromethane/methanol/25% 
aqueous ammonia (100:10:1) as eluent, to give 692 mg of 
(2R)-N-[( 1 R). 1 -beiizyl-2-((2S)-2-((dimethyIamino)methyl) 
pyn-olidm-l-yl)-2-oxoethyl]-N-methyl-2-(methylamino)-3- 
(2-na phtliy 1 )propiona inide . 

'H-NMR (CDC1 3 , selected values): 5 1 .85 and 2.01 (both 
s, together 3H); 2.20 and 2.3 1 (both s, together 6H); 3 .65 and 
3 80 (both t, 1H); 4.04 and 4.45 (both m, together IH); 5.60 
and 5.91 (t and dd, together 1 H); 7. 10-7.90 (m, 1 2H). 
{(3E)-4-[N-((lR)-l-{N-[(lR)-l-Benzyl-2-((2S)-2- 
((dimethylamino)methyJ)pynx>Iidin- 1 -yl)-2-oxoethyl]-N- 
methylcarbamoyl}-2-(2-naphthyl)ethyl)-N- 
inethylcarbamoyl]- 1 , l-dimetiiyIbut-3-enyI}carbamic acid 
tert-butyl ester 
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((2S)-2-((dimethylamino)methyl)pyrro]idin-l -vl)-2- 
oxoethyl]-N-methyl-2-(methylamino)-3-(2-naphthyl) 
propionamide (345 mg, 0.69 nunol) in dichloromethane (10 
nil) and N,N-diiiieUwTforniainide (5 ml) and etlryldiisopro- 
py lamine were added successively. Hie reaction mixture was 
stirred for 16 h, while it was warming up to room tempera- 
ture. It was diluted with ethyl acetate (70 mi) and washed 
with a saturated aqueous solution of sodium hydrogen car- 
bonate (70 nil). The aqueous phase was extracted with ethyl 
acetate (3x50 ml). The combined organic layers were dried 
over magnesium sulfate. The solvent was removed in vacuo. 
The crude product was purified by flash chromatography on 
silica (40 g), using dicliloromethane/metlmnol/25% aqueous 
ammonia (100:10:1) as eluent, to give 491 mg of {(3E)-4- 
[N-(( 1 R)- 1 -{N-(( 1 R)- 1 -benzyl- 2-((2S )-2-((diinelhylaniino) 
methyl )pyrrolidin- 1 -yl)-2-oxoelhyl]-N~methylcarbamoy 1 }- 

2- (2-naphmyl)ethyl)-N-methyIcarbamoylJ- 1 , 1 -dimethylbut- 

3- enyl}carbamic acid tert-butyl ester. 
'H-NMR(CDC1 3 , selected values); 5 1.30 and 1.32 (both 

s, together 6H); 1.45 (s, 9H); 1.60 (m, 2K); 4.00 (m, IH); 
4.48 (m, IH); 5.48 (dd, IH); 5.92 (dd, IH); 6.1 1 and 6.20 
(both d, together IH); 6.82 and 6.92 (both m, together IH); 
7.10-7.90 (m, 12H). 

At 0° C, trifluoroacetic acid (7 ml) was added to a solu- 
tion of {(3E)-4-[N-((lR)-l-{N-[(lR)-l-benzyI-2-((2S)-2 
(dimethylamino)inethyl)pyrrolidin-l-yl)-2-oxoethyl]-N- 
methylcarbarooyl }-2-(2-naphthy l)ethy 1)-N- 
methylcarbamoyl]- 1 ,l-dimethylbut-3-enyl}carbamic acid 
tert-butyl ester (491 mg, 0.68 mmol) in dichloromethane (7 
ml). The reaction mixture was stirred for 60 min at 0° C. The 
solvent was removed in vacuo. The residue was dissolved in 
dichJorometliane (100 ml) and the solvent was removed in 
vacuo. The latter procedure was repeated two times. The 
crude product was purified by flash chromatography on 
silica (40 g), using cfichloromethane/raethanol/25% ammo- 
nia (100:10:1) as eluent, to give 285 mg of the title com- 
pound. 

'H-NMR (CDC1 3 , selected values): 5 0.55 (m, IH); 1.11, 
1.12, and 1.17 (all s, together 6H); 2.25 (s, 6H); 2.45 (s, 3H); 
2.85 (s, 3H); 4.02 (m, IH); 5.48 (dd, IH); 5.80 and 5.93 (m, 
and dd, together IH); 6.10 and 6.18 (both d, together IH); 
6.87 and 7.00 (both m, together IH); 7.10-7.90 (m, 12H). 

HPLC 27.97 inin (Al ). 27.80 min (B 1 ). 

MS: 626.4 [M-Mf. 

For biological testing, the title compound was transferred 
into its diacetate salt by lyophilization from 0.5 acetic acid 
(40 ml). 

Example 5 

N-((1R)- 1 - {N-[( 1 R)- 1 -Benzyl-2-((2S)-2- 
((dmiethylainino)metiiyI)pyrroIidin- 1 -yI)-2- 
oxoethyl]-N-methylcarbamoyl)-2-(2-naphthyl) 
emyl)-N-methyl-3-((methylamino)methyl) 
benzamide 



55 



60 

At 0° C, N-(3-dimethylaminopropyl)-N t - 
emylcarbodiimide hydrochloride (132 mg, 0.69 mmol) was 
added to a solution of (2E)-5-(tert-butoxycarbonylamino)-5- 
methylhex-2-enoic acid (168 mg, 0.69 mmol) and 
l-hydroxy-7-azabenzotriazole (94 mg, 0.69 mmol) in <>5 
dichloromethane (5 ml). The reaction mixture was stirred for 
20 min at 0° C. A solution of (2R)-N-[(lR)-l-benzyl-2- 




CH 3 



ch 3 



N-3-[N(lR)- l-{N-[(3R)-l-Benzyl-2-((2S)-2- 
((dimethylamino)methyl)pyrrolidin- 1 -yl)-2-oxoethyl]-N- 
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met hylcarba moyl }-2-(2-naphthyl)ethy 1)-N- 
inetliylcarbamoyllbenzyl)-N-meiliylcarbamic acid tert-butyl 
ester 




At 0° C. N-(dmiethylaniinopropyl)-N'-etIiylcarbodiimide 
hydrochloride (132 mg, 0.69 mmol) was added to a solution 
of 3-(N-(tert-butoxycarbonyl)-N-methylamiiio)beiizoic acid 
(183 mg, 0.69 niniol) and 1 -hydroxy- 7-azabenzotriazole (94 
mg, 0.69 mmol) in dichloroinethane (5 ml). The reaction 
mixture was stirred for 20 min at 0° C. A solution of (2R)-N- 
[( lR)-I-benzyN2-((2S)-2-((dimethyIainino)methyI) 
pyrrolidine 1 -yl)-2-oxoethyl]-N-methyl-2-methylamino)-3- 
(2-naphthyl)propionamide (345 mg, 0.69 mmol) in 
dichloromethane (10 ml) and N,N-dimethylformamide (5 
ml) and ethyldiisopropylamine (0.1 18 ml) were added suc- 
cessively. The reaction mixture was stirred for 16 h, while it 
was wanning up to room temperature. It was diluted with 
ethyl acetate and washed with a saturated aqueous solution 
of sodium hydrogen carbonate (70 nil). The aqueous phase 
was extracted with ethyl acetate (3x50 ml). The combined 
organic layers were dried over magnesium sulfate. The sol- 
vent was removed in vacuo. The crude product was purified 
by flash chromatography on silica (40 g), using 
dichloromethane/methanol/25% aqueous ammonia 
(100:10:1) as eluent, to give 524 mg of N-{3-[N-((lR)-l- 
{N-[(lR)-l-benzyl-2-((2S)-2-((dimethyIamino)methyl) 
pyrrolidin-l-yI)-2-oxoetliyI]-N-methylcarbamoyl}-2-(2- 
naphthy l)e thy l)-N-methy lcarbamoy I] benzyl }-N- 
methylcarbamic acid tert-butyl ester. 

'H-NMR (CDC1 3 , selected values): 6 0.72 (m, 1H); 1.45 
(br, 9H); 3.18 (br, 6H); 4,05 (m. 1H); 4.32 and 4,40 (both br, 
together 2H); 5.60 (dd, 1H); 5.95 (m> 1H); 6.80-6.90 (id, 
16H). 

At 0° C, trifluoroacetic acid (7 ml) was added to a solu- 
tion of N-(3-[N-((lR)-l-{N~[(lR)-l-benzyl-2-((2S)-2- 
((dimetliylamino)methyl)pyrrolidin- 1 -yl)-2-oxoethy 1]-N- 
methyl carbamoyl }-2-(2-naphthyl)ethyl)-N- 
methy lcarbamoy l]benzyI}-N-methylcarbamic acid tert- 
butyl ester (523 mg, 0.70 mmol) in dichloromethane (7 ml). 
The reaction mixture was stirred for 25 min at 0° C. The 
solvent was removed in vacuo. The residue was dissolved in 
dichloromethane (90 ml), and the solvent was removed in 
vacuo. The latter procedure was repeated two times. The 
crude product was purified by flash chromatography on 
silica (40 g), using dichloromeUiane/methanol/25% aqueous 
ammonia (100:10:1) as eluent, to give 436 mg of the title 
compound. 

1 H-NMR (CDC1 3 , selected values): 5 0.87 (m, 1H); 1,22 
(m, IH); 1.45 (111, IH); 1,67 (m, 1); 4.09 (m, 1H); 5.53 and 
5.90 (dd and m, together 2H); 6.80-7.90 (m, 16H). 

HPLC 28.43 min (Al). 30.63 min(Bl). 

MS: 648.4 [M+ir. 

For biological testing, the title compound was transferred 
into its diacetate salt by lyophilization from 0.5 M acetic add 
(40 ml). 
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Example 6 

(2E )- 5- Amino- 5-niethy lhex-2-enoic acid N-(( 1 R)- 1 - 
{N- [( 1 R)- 1 -berizyl-2-(4-(cHmethylamino)piperidin- 
5 1 -yl)-2-oxoethyl]N-memylcarbamoyl}-2-(2- 

naphUiyl)eUiyl)-N-methylauiide 




The title compound was prepared as in example 1 using 
4-(dimethylammo)piperidine hydrochloride salt, (2R)-2-(N- 
(tert-butoxycarbonyl)-N-methylamino)-3-pheny I propionic 
add, (2R)-2-(N-(tert-butoxycarbonyl)-N-methylamino-3-(2- 
naphthyl))propionic acid, and (2E)-5- 
(butoxycarbonylainiiio)-5-methylhex-2-enoic acid. 

30 1 H-NMR: (CDC1 3 ; selected values) 8 1 .40 (s, 6H); 2.00 (s, 
6H); 4.42^,85 (2H); 5.45-5.90 (m, 2H); 6.28 (dd, IH); 6.85 
(m, IH); 7.10-7,85(m, 12H). 

MS (ES): m/z 626.2 (M i 11)+ . 

35 

Example 7 

(2E)-5-Aim\no-5-methylhex-2-enoic acid N-methyl- 
40 N-[(lR)-l-(N-methyl-N-{(lR)-l-[N~methyl-N-(l- 
methylpiperidinyl Carbamoyl]- 2- 
phenyletliyl}carbainoyl)-2-(2-naphtliyl)etliyl]amide 




Hie title compound was prepared as in example 1 using 
eo l-methyl-4-(methylamino)piperidine, (2R)-2-(N-(tert- 
butoxycarbonyl)-N-metliyIamino)-3-phenylpropionic acid, 
(2R)-2-(N-(tert-butoxycarbonyl)-N-methylamino-3-(2- i 
naphthyl))propionic acid, and (2E)-5- 
(butoxycarbonylainmo)-5-methylhex-2-enoic acid. 

1 H-NMR (CDC1 3 ; selected values) 5 5.50-6.08 (m, 2H); 
6.20-6.70 (m, 2H); 7.10-7.85 (m, 12H). 
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Example 8 



3~Aminomethyl-N-(( 1R)- 1 - {N-[( 1R)- 1 - benzyl- 2-(4- 
methylpiperazin-l-yl)-2-o\oelhyl]-N- 
metliylcarbamoyl}-2-(2-naphthyl)ethyl)-N- 
methylbenzamide 




10 



62 

Example 10 



(2E)-5-Amino-5-methylhex-2-enoic acid N-methyl- 
N-(( 1 R)- 1 - {N-methyl-N-[( lR)-2-phenyI- 1 -((2,2,6,6- 
tetramemylpiperidmyl)carbamoyl)elhyl]carbamoyl}- 
2-(2-iiaphthyl)ethyl)amide 



H 3 C CH 3 



H-.N 




ch 3 



•nr 

CH* O 



CH 3 



The title compound was prepared as in example 1 using 
N-methylpiperazine, ( 2R)- 2 -(N-(tert-butoxycarbony I)- NT- 
methyl amino)- 3 -phenylpropionic acid, (2R)-2-(N-(tert- 
butoxycarbonyl)-N-methylamino-3-(2-naphtliyl))propionic 
acid, and 3-((tert-butoxycarbonylamino)methyi)benzoic 
acid. 

*H-NMR (CDC1 3 ; selected values) 5 3.30 (m, 1H); 3.50 
(dd, 1H); 3.75 (m, 1H); 3.95 (s, 2H); 578 (t, 1H); 3.88 (m, 
1H); 7.00-7.80 (16H). 

HPLC: 24.55 mm (Al ). 26.52 min (Bl). 

MS (ES): m/z-606.4 [M+H] + . 

Example 9 

(2E)-5-Ammo-5-methyIhex-2-euoic acidN-((lR)-l- 
(N-[(1R)- l-benzyl-2-(4-methylpiperazin- l-yl)-2- 
oxoetJiyl]-N-metliylcarbamoyl}-2-(2-naphthyl) 
ethyl )-N-methylamide 



H 3 C CH; 
H-.N 




ch 3 o 



CH 3 O 




The title compound was prepared as in example 1 using 
N-methylpiperazine, (2R)-2-(N-(tert-butoxycarbonyl)-N- 
rnethyIamino)-3-phenyIpropionic acid, (2R)-2-(N-(tert- 
butoxycarbonyl)-N-iiielhylamino-3-(2-naphthyl))propionic 
acid, and (2E)-5-(butoxycarbonyIamiuo)-5-methylhex-2- 
enoic acid. 

'H-NMR (CDC1 3 ; selected values) 5 1 .24 (s, 6H); 1 .65 (s, 
3H); 2 .35 (s, 3H); 2.80 (s, 3H); 5.68 (dd, 1H); 5.78 (dd, 1H); 
6.18 (dd, 1H); 6.95(m, 1H); 7.15-7.80 (m, 12H). 

HPLC: 25.03 mm (Al). 27.50 min (Bl ) 

MS (ES): m/z-598.4 [M+H] + . 



The title compound was prepared as in example 1 using 
4-amino-2,2,6,6-tetramethylpiperidiu, (2R)-2-(N-(tert- 
butoxycarbonyl)-N-mcthylamino)-3-phenylpropionic acid, 
(2R)-2-(N-(tert-butoxycarbonyl)-N-methylamino-3-(2- 
naphthy l))propionic acid, and (2E)-5- 
(butoxy(^rbonylarnino)-5-inethylhex-2-enoic acid. 

'H-NMR (CDC1 3 ; selected values) 5 1.25 (s, 6H); 1.40 
(two s, 6H); 1 .52 (two s, 6H); 2.92 (s, 3H); 3,02 (two s, 3H); 
5.10 (dd, 1H); 5.50 (dd, 1H); 6.15 (d, 1H); 6.75 (m, 1H); 
7.00-8.00 (m, 12H). 

HPLC: 29.27 min (Al). 31.67 min (Bl). 

MS (ES): m/zp654.8 [M+HT. 

Example 1 1 

3- Aminomethy l-N-methyl-N-(( 1 R) 1 - {N-methy 1-N- 
[( 1 R)-2-phenyl- 1 -((2,2,6 ) 6-tetramethylpiperidin-4- 
yl)carbamoyl)ethyl]carbamoyl}-2-(2-naphthyl)ethyl) 
benzamide 



65 



,C CH 3 



50 



55 




HjC CH 3 



The title compound was prepared as in example 1 using 
4-amino-2,2,6,6-tetramethylpiperidin, (2R)-2-(N(tert- 
butoxycarbonyl)-N-metliylamino)-3-phenylpropionic acid, 
(2R)-2-(N-(tert-butoxycarbonyl)-N-methylamino-3-(2- 
naphthyl))propionic acid, and 3-((terl- 
butoxycarbonylanuno)methyl)benzoic acid. 

'H-NMR (CDC1 3 ; selected values) 5 3.60-3.85 (m, 2H); 
3.90-4,30 (ra, 1H); 5.25-5.95 (m, 2H); 6.70-7.90 (m, 16H). 

HPLC: 29.27 min (Al). 31.55 min (Bl). 

MS (ES): m/z=662.4 [M+H] + . 
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Example 12 



(2E)-5-Ainmo-3,5-droiethylhex-2-enoic acid N- 
methyl-N-((lR)-l-{N-inethyl-N-[(lR)-2-pheuyl-l- 
((2,2,6,6-tetrametliylpiperidin-4-yl)carban3oyl)ethyl] 
carbamoyl]-2-(2-naphthyl)ethyl)amide 



HjC CH, CH, O / CH, O 

CHj, O 



H 2 N 




64 

Example 14 



(2E)~5-Ammo-3,5-dmiethylhex-2-enoic acid N- 
(( 1R)- 1 -{N-[( 1R^ 1 -benzyl- 2-(4-methy Ipiperazin- 1 - 
yl)-2-oxoeUiyll-N-metliylcarbamoyl}-2-(2-naphthyl) 
ethyl )-N-methylaniide 

O 



The title compound was prepared as in example 1 using 
4-ainino-2,2,6,6-tetramethylpiperidin, (2R)-2(N-(tert- 
butoxycarbouyl )-N-methy lamino)- 3-phenylpropionic acid, 
(2R)-2-(N-(tert-butoxycarbonyl)-N-methylamino-3-(2- 
naphthyl))propionic acid, and (2E)-S- 
(butoxycarbonylauimo)-3 1 5-meUiylhex-2-enoic acid. 

'H-NMR (CDC1 3 ; selected values) 6 392-4.30 (m, IH); 
5.05-5.88 (m, 3H); 7.00-7.80 (m, 12H). 

HPLC; 29.80 min (A 1 ). 32.43 min (Bl ). 

MS (ES): m/z=668.4 [M+H] + 

Example 13 

(2E)-4-(l-Aminocyclobutyl)but-2-enoic acid N- 
((1 R)- I -{N-[( I R) I - benzyl- 2-(4-methylpiperazu> 1 - 
yl)-2-oxoethyl]-N-metliylcarbamoyl}2-(2-naphlhyl) 
ethyl)-N-methylamide 



The title compound was prepared as in example 1 using 
N-methylpiperazine, (2R)-2-(N-(tert-butoxycarbonyl)-N- 
25 methylamino)-3-phenylpropionic acid, (2R)-2N-(tert- 
butoxycarbonyl)-N-methylamino-3-(2-naphthyl))proplouic 
acid, and (2E)-5-(butoxycarbonylamino)-3,5-methylliex-2- 
euoic acid. 

! H-NMR(CDC1 3 ; selected values) 8 1.18 (s, 6H); 1.68 (s, 
30 3H); 1.95 (s, 3H); 2.30 (s, 3H); 2.85 (s, 3H); 3.40 (dd, IH); 
3.54-3.75 (m, 2H); 5.68-5.85 (m, 3H); 7.15-7.80 (m, 12H). 

HPLC: 25.70 min(Al). 28.27 min (Bl). 



35 



40 



H-jN 




CH 3 



The title compound was prepared as in example 1 using 
N-methylpiperazine, (2R)-2-(N-(tert-butoxycarbonyl )-N- 
methyIaniino)-3-pnenylproplonic acid, (2R)-2-(N-(tert- 
butoxycarbonyl)-N-methy lamino- 3-(2-naphthyl))propiomc 
acid, and (2E)~4-(l-(butoxycarrx)nyIamuio)cyclobutyl)but- 
2-enoic acid. 

'H-NMR (CDCI 3 ; selected peaks) 5 1.62 (s, 311); 2.35 (s, 
3H); 2.80 (s, 3H); 5.70 (dd, IH); 5.80 (dd, IH); 6.22 (d, IH); 
6.98 (m, IH); 7.15-7.80 (m, 12H). 

HPLC: 25.88 min (A 1 ), 28.65 min (B 1 ). 

MS (ES) m/z=610.4 [M+H]* 



MS (ES) m/z=612.4 [M+H] + . 

Example 1 5 

(2E)-4-(l-Aminocyclobutyl)but-2-enoic acid N- 
((1 R)- 1 -{N- [( 1R)- 1 -benzyl- 2-(4-hydroxypiperidin- I • 
yl)-2-oxoethyl]-N-methylcarbamoyl}-2-(biphenyl-4- 
yI)ethyl)-N-methylamide 



n 2 N 





CH, O J k N ^ 1 \ r 



This compound was prepared as in exajnple 1 but using 
4-hydroxypiperidine, (2R)-(N-tert-butoxycarbonyl-N- 
melhy lamino)- 3-pheny (propionic acid and (2R)-2-(N-tert- 
65 butoxycarbonyl-N-methylamino)-3-(biphenyl-4-yl) 
propionic acid and (2E)-4-(l-(tert-butoxycarbony lamino) 
cyclobutyl)but-2-enoic acid as starting materials. 
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ESMS: 637.4 (M+H) + . 
HPLC: 17=33.58 min. (Al). 
HPLC:r,=34.95 rain. (Bl). 

Example 16 

(2E)-5-Ammo-5-methylhex-2-enoic acid N-(( 1R)- 1- 
{N-[(lR)-l-benzyi-2-(4-hydroxypiperidin-l-yl)-2- 
oxoemyl]-N-metiiylcarhamoyl}-2-(biphenyl-4-yl) 
ethyl )-N-methylamide 




'OH 



This compound was prepared as in example 1 but using 
4- hydroxy piperidine, (2R)-2-(N-tert-butoxycarbonyl-N- 
methylamino)-3-phenylpropionic acid and (2R)-2-(N-tert- 
butoxycarbonyl-N-methylamino)-3-(biphenyl-4-yl) 
propionic acid and (2E)-5-tert-Butoxycarbonylamino-5- 
methylhex-2-enoic acid as starting materials. 

ESMS:625.4 (M+H) + . 

HPLC. r^=32,65 min. (Al). 

HPLC: r/=34.02 min. (Bl ). 

Example 17 

(2E)-5-Amino-3,5-dimcthylhex-2-enoic acid N- 
((IR)-1-{N-[(1R)-1 -benzyl- 2- (4-hydroxypiperidin- 1 - 
yl)-2-oxoetiiyl]-N-methylcarbamoyl}-2-(biphenyi-4- 
yl)ethyl)-N-methylamide 




This compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-tert-butoxycarbonyI-N- 
metJiylainmo)-3-pheuylpropionic acid and (2R)-2-(N-tert- 



9,315 Bl 
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butoxycarbonyl-N-methylamino)-3-(biphenyl-4-yl) 
propionic acid and (2E)-5-tert-butoxycarbonyiamino-3 1 5- 
dimethylhex-2-enoic acid as starting materials. 

ESMS: 639.4 (M+H)**". 
5 HPLC: r,=33.29 min. (Al ). 

HPLC:r,=36.40 min.(Bl). 

Example 18 

10 (2E)-5-Ammo-5-methylhex-2-enoic acid N-((1R)-1- 
(N- 1(1 R)- 1 - benzyl- 2-(4-l)ydroxypiperidtn- 1 -yl )-2- 
oxoetliyl3-N-methylcarbamoyl}-2-(2-naphtliyl) 
ethy 1 )-N-methylamide 




This compound was prepared as in example 1 but using 
4 -hydroxy pi peridine, (2R)-2-(N-tert-butoxycarbonyl-N- 
metliyIamino)-3-phenylpropionic acid and (2R)-2-(N-tert- 
butoxycarbonyl*N-metliyIamino)-3-(2-naphthyl)propionic 
35 acid and (2E)-5-tert-Butoxycarbonylamino-5-methylhex-2- 
enoic acid as starting materials. 

ESMS: 599.4 (M+H) + . 

HPLC:r,=29.88 min. (Al). 

40 Example 19 

(2E)-5-Amino-3,5-dimethyllaex-2-enoic acid N- 
(( 1 R)- 1 -{N-[( 1R)- 1-benzy I- 2- (4-hydroxypiperidin- 1 - 
yl)-2-oxoethyl]-N-methylcarbatnoyl}-2-(2-naphthyl) 
45 ethyl )-N-methylamide 




'OH 



60 



This compound was prepared as in example 1 but using 
4-hydroxypi peridine, (2R)-2-(N-tert-butoxycarbonyI-N- 
memyIamino)-3~phenylpropionic acid and (2R)-2-(N-tert- 
65 butoxycarbonyl-N-methylamino)-3-(2-naphthyl)propionic 
acid and (2E)-5-tert-Butoxycarbonylamino-3,5- 
dimethylhex-2-enoic acid as starting materials. 
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ESMS; 613.4 (M+H) + 
HPIX: i>=30.S8 inin. (Al ). 

Example 20 

(2E)-4-(l-Anmiocyclobutyl)but-2-enoic acid N-((1R)-1- 
{N-[(1R)- 1 -benzyl- 2-(4-hydroxypiperidin- 1 -yl)-2- 
oxoethy 1] -N-niethy lcarbamoy 1 } - 2-(2-naphthyl)ethyl )-N- 
methylamide 




This compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-tert-butoxycarbonyl-N- 
methy)amino)-3-phenylpropionic acid and (2R)-2-(N-!ert- 
butoxycarbonyl-N-methylamino)-3-(2-naphthyl)propionic 
acid and (2E)-4-(l-(tert-butoxycarbonylammo)cyclobutyl) 
but-2-enoic acid. 

ESMS: 61 1.4 (M+H) + . 

HPLC:r=30.82 min.(Al). 

Example 21 

(2E)-5-Amino-5-methylhex-2-enoic acid N-((1R)-1- 
{N-[(lR)-l-(4-fluorabenzyl)-2-(4-hydroxypiperidiii- 
l-yl)-2-oxoethyl]-N-methylcarbamoyl}-2-(2- 
naphthyl)ethyl)-N-methylamide 




'OH 



v 



Hi is compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-tert-butoxycarbonyl-N- 
meUiylammo)-3-(4-fluorophenyl)propionic acid and (2R)-2- 
(N-tert-butoxycarbonyl-N-methylamino)-3-(2-naphtliyl) 
propionic acid and (2E)-5-tert-butoxycarbonylamino-5- 
methylhex-2-enoic acid as starting materials. 

ESMS: 617.4 (M+H) + . 

HPLC: r,=30.27 min, (Al). 

HPLC:r^31.60min.(Bl). 



9315 Bl 
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Example 22 

(2E)-5- Amino-3,5-dmietliy lhex-2-enoic acid N- 
((lR)-l-{N-[(lR)-l-(4-fluoroben2yl)-2 (4- 
5 hydroxypiperidin- 1 -yl)-2-oxoethyl] -N- 

niethylcarbamoyl}-2-(2-naphtliyl)etliyl)-N- 
methylamide 




F 



This compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-tert-butoxycarbonyl-N- 
memylamino)-3-(4-fluorophenyl)propionic acid and (2R)-2- 
(N-tert-butoxycarbonyl-N-methylamino)-3-(2-naphthyl) 
propionic acid and (2E)-5-tert-butoxycarbonylamino-3,5- 
dimethylhex-2-enoic acid as starting materials. 

ESMS: 631.4 (M+H) + . 

HPLC:r,=:30.98 min.(Al). 

HPLC:r,=32.38 mln.(Bl). 

Example 23 

(2EM-(l-Aminocyclobutyl)but-2-enoic acid N- 
((1 R)- 1 -{N- [( 1 R)- 1 -benzyl- 2-(4-(dimethylaniino) 
piperidin- 1 -yl )-2-oxoethyl]-N-me1hy lcarbamoy 1 }- 2- 
(2naphtliyl)etliyl)-N-methylamide 




55 



The title compound was prepared as in example 1 using 
4-N,N-dimethylpiperazine, (2R)-2-(N-(tert- 
butoxycarbonyl)-N-methylamino)-3-phenylpropionic acid, 
(2R)-2-(N-(tert-butoxycarbonyl)-N-methylamino-3-(2- 
naphthyl))propionic acid, and (2E)-41- 
(butoxycarbonylamino)cyclobutyl)but-2-enoic acid. 

'H-NMR (CDC1 3 ; selected peaks) d 1 .90 (s, 3H); 2.38 (s, 
3H); 2.45 and 2.47 (two s, 3H); 2.78 and 2.80 (two s, 3H); 
6.32 (dd, lH);6.90(m, I H); 7.15-7.84 (m, 12H). 

HPLC: 26.72 min (Al). 

MS (ES) m/z=638.4 [M+H] + 



CERTIFICATE OF CORRECTION (continued) Page 37 of 45 



US 6,919,3 15 Bl 



69 

Example 24 



(2E)-5-Ajiimo-5-metliylhex-2-enoic acid N-((1R)-1- 
{N-[(2R)-2-(4-hydroxypiperidin-l-yl)- 2-oxo-l -(12- 
th ieny 1 )methy 1 )ethy 1] - N- mclhy lcarbamoy 1 }- 2-( 2- 
na pht hy 1 )ethy 1 )-N- methy la mide 



HjC ch 3 ft 




CH 3 O 




This compound was prepared as in example I but using 
4-hydroxypiperidine, (2R)-2N-tert-butoxycarbonyl-N- 
methy!amino)-3-(2-thieiiyl)propionic acid and (2R)-2-(N- 
tert-butoxycarbonyl-N-methylamino)-3-(2-naphthyl) 
propionic acid and (2E)-5-tert- 

butoxyearbonylaminomethylhex-2-enoic add as starting 
materials. 

ESMS: 605.4 (M+H) + 

HPLC:r t =29.07 min.(Al). 

Example 25 

(2E)-5- Ainmo-3,5-dimethylhex>2-enoic acid N- 
((lR)-l-{N-[(2R)-2-(4-hydroxypiperidin-l-yl)-2- 
oxo-l-((2-thienyI)inethyI)ethyl]-N- 
methy lcarbamoy l}-2-(2-naphthyl)ethyl)-N- 
methylamide 



H 3 C CH 3 CH 3 o 





CH 3 O 



Tliis compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-lert-butoxycarbonyl-N- 
methylamino)-3-(2-thienyl)proplonic acid and (2R)-2-(N- 
tert-butoxycarbonyl-N-methylamino)-3-(2-naphthyl) 
propionic acid and (2E)-5-tert-butoxycarbonylamino-3,5- 
dimethylhex-2-enoic acid as starting materials. 



ESMS: 619.4 (M-4-H) + . 
HPLC:r,=29.76 min.(Al). 



70 

Example 26 



(2E)-5-Ammo-5-methylhex-2-enoic acid N-((lR)-2- 
(biphenyl-4-y 1)- 1 -{N-[(2R)-2-(4-hydroxypiperidin- 
l-yl)-2-oxo-{(2-thienyl)meUiyl)ethyl]-N- 
metlaylcarbamoyl}ethyl)-N-metliylamide 




CH, O 




This compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-tert-butoxycarbonyl-N- 
methylamino)-3-(2-thienyl)propionic acid and (2R)-2-(N- 
tert-butoxycarbonyl-N-methylamLno)-3-(biphenyl-4-yl) 
propionic acid and (2E)-5-tert-butoxycarbonylamino-5- 
memylhex-2-enoic acid as starting materials. 

ESMS: 631.2 (M+If) + 
HPLC: r,=32.20 min. (Al). 

Example 27 

(2E)-5-Amino-3 t 5-dimethylliex-2-enoic acid N- 
(( lR)-2-(bipheny!-4-yl)- l-{N-[( lR)-2-(4- 
hydroxypiperidin- 1 -yl)-2-oxo- 1 -((2-thienyl)methyl) 
etliyl3-N-niemylcarbanioyl]ethyl)-N-memylamide 




ch, o 



OH 



This compound was prepared as in example 1 but using 
4-hydroxypiperidine, (2R)-2-(N-tert-butoxycarbonyl-N- 
methylaraino)-3-(2-thienyl)propionic acid and (2R)-2-(N- 
tert-butoxycarbonyl-N-methylamino)-3-(biphenyl-4-yl) 
propionic acid and (2E)-5-tert-butoxycarbonylamino-3,5- 
dimethylhex-2-enoic acid as starting materials. 

ESMS: 465.4 (M-fH) + . 

HPLC: r,=32.89min. (Al). 
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Example 28 



72 

What is claimed is: 

l.A compound of formula I 



(2E)-5-Metliyi-5-(melliylanimo)hex-2-enoic acid N- 
(( 1R)-1 -{N-[(l R)-l -benzyl- 2-(4-hydro\ypiperidin- 1- 
yl)-2-oxoethyl]-N-niethyIcarbamoyl}-2-(biplienyl-4- 
yl)elhyl)-N:methylamide 




u 



CH 3 O 



HN 
CH 3 



R 8 (CR^R 7 ), 



wherein 
R 1 is hydrogen or C,_ tf -alkyl; 
R 2 is hydrogen or C,. 0 -alkyl; 
L is 




b 



The title compound was prepared as in example 1 but 
using 4- hydroxy piperidhie, (2R)-2-(N-tert-butoxycarbonyl- 
N-methylamino)-3-phenylpropionic acid and (2R)-2-(N- 
tert-butoxycarbonyl-N-inethylamino)-3-(biphenyl-4-yl) 
propionic acid and (2E)-5-(N-(tert ButoxycarbonyI)-N- 
methylamino)-5-methylhex-2-enoic acid as starting 
materials. 

MS: vaJz: 639.4 (M+H) + 

HPLC: Method Al : R<=32.94 min. 

Example 29 

(2E)-4-(l-Aminocyclobutyl)but-2-enoic acid ((1R)- 
1 -{N- [( 1 R)- 1 -benzyl-2-(4-hydroxypiperidin- 1 -yl)-2- 
oxoctliyl]-N-metliylcarbamoyl}-2-(biphenyl-4-yl) 
ethyl )amide 



35 





55 



HPLC: Rt=31.55 min. (Al). Rt=3Ll 1 min. (Bl). 
LC-MS: 623.6 [M+l] + 




wherein K* is hydrogen or C,^ alkyl; 
p is 0 or 1; 

q t s, t, u are independently from each other 0, 1, 2, 3 or 4; 
r is I; 

the sum q+r+s+t+u is 1 , 2, 3, or 4; 

R 9 , R 10 , R 11 , and R 12 are independently from each other 

hydrogen or C U6 alkyl; 
Qis >N— R 13 or 



R 1 * 



wherein o is 0, 1 or 2; 

T is —N(R 15 XR 16 ) or hydroxyl; 

R 13 , R 15 , and R 16 are independently from each other 

hydrogen or C U6 alkyl; 
R M is hydrogen, aryl or hetaryl; 
or L is 



N Q 

R 12 R" 



p is 0 or I ; 

q, s, t, u are independently from each other 0, 1 , 2, 3 or 4; 
r is 0 or 1 ; 

the sum l+r+s+t+u is 0, 1 , 2, 3, or 4; 
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R 9 , R 10 , R u , and R 12 are independently from each other 

hydrogen or C,_ 6 alkyl; 
Q is >N— R 13 or 



R 1 



wherein o is 0, 1 or 2; 

T is — N(R ,5 XR ia ) or hydroxyl; 

R 1 3 , R 15 , R 1<s are independently from each other hydrogen 

orC U6 alkyl; 
R 1 " 1 is hydrogen, aryl or hetaryl; 
Gis — O— (CHa)^ 17 , 





N 
H 



74 

-continued 




wherein R 22 , R 23 , R 2 "\ R 25 and R 26 independently from 
each other are hydrogen, halogen, aryl, hetaryl, C,_ 6 - 
alkyl or Ci_ 6 -alkoxy; 

1 is 0, l,or2; 

a is 0, 1, or 2; 

bisO, l,or2; 
15 cisO, l,or2; 

d is ,0 or 1 ; 

eisO, 1,2, or 3; 

fisOorl; 

20 R 5 is hydrogen or C,^- alkyl optionally substituted with 
one or more hydroxyl, aryl or hetaryl; 
R 6 and R 7 are independently from each other hydrogen or 
C,. 6 -alkyI, optionally substituted with one or more 
halogen, amino, hydroxyl, aryl, or hetaryl; 
25 R 8 is hydrogen or C,_ tf -alkyl, optionally substituted with 
one or more halogen, amino, hydroxyl, aryl, or hetaryl; 
R 6 and R 7 or R 6 and R 8 or R 7 and R 8 may optionally form 
— (CH 2 ),. — U — (CHj), — , wherein i and j indepen- 
30 dently from each other are 1 , 2 or 3 and U is — O — , 
— S — , or a valence bond; 
M is arylene, hetarylene, — O — , — S — or 

— CR 27 ^CR 28 — ; 
R 27 and R 28 are independently from each other hydrogen 
35 or Cj.tf-alkyl, optionally substituted with one or more 
aryl or hetaryl; 
or a pharmaceurically acceptable salt thereof. 

2. The compound of claim 1 wherein R 1 is C,. 6 -alkyI. 

3. The compound of claim 1 wherein R 2 is C^-alkyL 
40 4. The compound of claim 1 wherein L is 



wherein R 17 , R 18 , R 19 , R 20 and R 21 independently from 
each other are hydrogen, halogen, aryl, hetaryl, C,^- 
alkyl or C^-alkoxy; 

k is 0, 1 or 2; 

J is — O — (CHj)/ — R 22 , 




R 22 



U 




R~ 3 ; 



N 
H 



63 




50 

wherein R 4 is hydrogen or alkyl; 
p is 0 or 1 ; 

q, s, t, u are independently from each other 0, 1 , 2, 3 or 4; 
55 rist; 

the sum q+r+s+t+u is 1,2, 3, or 4; 

R*. R 10 , R u , and R 12 are independently from each other 
hydrogen or C U6 alkyl; 
60 Qis >N — R 13 or 



R" 
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wherein o is 0, 1 or 2; 

T is — N(R ,5 )(R 16 ) or hydroxy]; 

R' 3 , R 15 , and R 16 are independently from each other 

hydrogen orC,^ alkyl; and 
R 14 is hydrogen, aryl or hetaryl. 
5. The compound of claim 1 wherein L is 
r 9 r'o 

(/A\>. 

N Q 



wherein q, s, t, u are independently from each other 0, 1,2, 

3 or 4; 
r is 0 or 1 , 

the sum q+r+s+t+u is 0, 1, 2, 3, or 4; 

R 9 , R ,f \ R 1 \ and R ir are independently from each other 

hydrogen or alkyl; 
Q is >N — R 13 or 



10. The compound of claim 1 wherein R 6 and R 7 form 
— (CH.),. — U— (CH 2 ) y — , wherein i and j independently 
from each other are 1, 2 or 3 and U is — O — , — S- , or a 
valence bond. 

11. Hie compound of claim 1 wherein R 8 is hydrogen or 
Ctf-alkyl. 

12. Tlie compound of claim 1 selected from 
(2E)-5-Anuno-5-memylhex-2-enoic acid N-((1R)-1-{N- 

[(1R)- 1 -benzyl- 2-(4-(dimethylamino)methyl) 
piperidin- 1 -yI)-2-oxoethyl]-N-methyl carbamoyl} -2- 
(2-naphtliyl)ethyl)-N-methylamide 



HjC CH, 




20 



R* 



(2E)->Amino-5-methylhex-2-enoic acid N-((1R)-1-{N- 
[(lR)-l-benzyl-2-((3S)-3-(dimethylaminomethyl) 
piperidin- 1 -yl)-2-oxoethyl]-N-methylcarbamoyl}-2- 
(2-naphthyl)ethyl)-N-methylamide 



wherein o is O, 1 or 2; 

T is — N(R ,5 )(R 1<S ) or hydroxyl; 

R 13 , R 15 , and R 16 are independently from each other 

hydrogen or C 1-6 alkyl; and 
R 1 4 is hydrogen, aryl or hetaryl. 
6. The compound of claim 1 wherein G is 





CH, O 





wherein R' 7 , R 18 , R 19 , R 20 and R 21 independently from each 
other are hydrogen, halogen, aryl, hetaryl, CV 6 -alkyl or 
C,. 6 -alkoxy. 

7. The compound of claim 1 wherein J is 



wherein R 22 , R 2 \ R 24 , R 25 and R 2e independently are 
hydrogen, halogen, aryl, hetaryl, C^-alkyl or C^-alkoxy. 

8. The compound of claim I wherein M is arylene or 
— CR 2S =CR 38 — , wherein R 27 and R 28 independently are 
hydrogen or C,. fi -alkyl, optionally substituted with aryl or 
hetaryl. 

9. The compound of claim 1 wherein R tf and R 7 indepen- 
dently from each other are hydrogen or C, _ 6 -alkyl. 



(2EH-(l-Aminocyclobutyl)but-2-enoic acid N-((1R)-1- 
{N-l(lR)-l-benzyl-2-((3S)-3-(dimethylammomethyl) 
piperidin- l-yl)-2-oxoethy l]-N-methylcarbamoyl} -2- 
50 (2-naphmyl)ethyl)-N-methyIamide 




H 2 N 




CHj O 



65 




CH 3 , 
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(2E)-5-Aminoo-niethylhex-2-enoic acid N-((1R)-I-{N- 
[(IR)-l-ben2yl-2-((2S)-2-((dimethylamino)raethyI) 
pyrrolidin-l-yl)-2-oxoethyl]-N-metliylcarbamoy]}-2- 
(2-naphthyl)ethyl)-N-nieUiylamide 



78 



(2E)-5-Ammo-5-melhylhex-2-enoic acid N-methyl-N- 
[( 1 R)- 1 -(N-methyl-N-{ ( 1 R )- 1 - [N-methy l-N-( 1 - 
methylpiperidin-4-yl)carbamoyl]-2- 
phenylethyl}carbamoyl)-2-(2-naphthyl)ethyl]amide 




3- Aminomethy l-N-(( 1R)-1-{N-[(1 R)- 1 -benzyl-2-(4- 
N-((1R)-1-{N-[(1R)- 1 -Benzyl- 2-((2S)-2- methy Ipiperazin- 1 -yl )~2-oxoethy 1]-N- 

(dmKthyIamino)methyl)pyiroIidin-l-yl)-2-oxoethyl]- 25 methy lcarbamoyl}"2-(2-naphthyl)ethyl)-N- 
N-raetliylcarbaiiioyl}-2-(2-naphtliyl)ethyl)-N-methyl- methylbenzamide 
3-((methylainino )melliy 1 )benzamide 




J5 (2E)-5-Airuno-5-methylhex-2-enoic acid N-((1R)-HN- 

(2E)-5-Amino-5-methylhex-2-enoic acid N-((R)-1-{N- [( lR)-l-benzyl-2-(4-methylpiperazm- ] -yl)-2- 

[( 1R)- 1 -benzyl-2-(4-(dimethylamino)pipendin- 1-yl)- oxoethyl]-N-meUiy]carbamoyl}-2-(2-naphthyl)ethyl)- 

2-oxoethyl}-N-methylcarbamoyl}-2-(2-naphthyl) N-methylamide 
ethyl )-N-methylamide 50 
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(2E)-5-Amino-5-methyIhex-2-enoic acid N-methyl-N- 
((lR)-l-{N-methyl-N-[(lR)-2-phenyl-l'((2,2 > 6 f 6- 
tetra methyl pi perid in- 4-yl)carbamoyl)ethyl] 
carbamoyl }-2-(2-naphthyl)ethyl)amide 



80 



(2E)-4-(l-Aniinocyclobutyl)but-2-enoic acid N-((1R)1- 
{N-[(lR)l-benzyl-2-(4-methylpiperazin-l-yl)-2- 
oxoethyl]-N-metliylcarbamoyl}-2-(2-naphthyl)etliyl)- 
N-methylamide 



H 3 C CH 3 



\ / H 3 C CHj 

O / CH, O f^NH 



I I I H CH, 



CHj O 



H 2 N 





H V H T i * * 



H 3 C CH 3 



NH 





20 



3-Aminoinethyl-N-methyl-N-((lR)l-{N-methyl-N- 
[(lR)-2-phcnyl-l-((2 I 2,6,6-tctramcthylpipcridin-4-yl) 
carbamoyl)ethyl]carbaraoyl}-2-(2-naphthyl)ethyl) 25 
benzamide 



30 



(2E)-5-Aniino-3,5-dimethylhex-2-enoic acid N-inethyl- 45 
N-(( 1R)-1- {N-methyl-N- [( 1 R)-2-pheny 1- 1 -((2,2,6,6- 
tetramethylpiperidin-4-yl)carbamoyl)ethyl] 
carbamoyl }- 2-( 2- naphthynethyl)amide 



50 



55 



ch, o 




(2E)-5-Amino-3,5-diiiiediylhex-2-ei3oic acid N-((1R)1- 
{N- [( 1R) 1 -benzyl-2-(4-methylpiperazin- 1 -y 1 )-2- 
oxoethyl]-N-inethylcarbainoyl}'2-(2-naphthyl)ethyl)- 
N-methylainide 



H 3 c ch 3 ch 3 0 




CH, O 




(2E)-4-(l-Ammocyclobutyl)but-2-enoic acid N-((1R)-1- 
{N-[(1R)-1 -benzyl- 2-(4-hydroxypiperidin- 1-yl)- 2- 
oxoethyl3-N-methylcarbanioyl}-2-(biphenyl-4-yl) 
ethyl)-N-methyIaniide 



H 2 N 




60 



CH 3 O 
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(2E)-5-Aminoo-methylhex-2-enoic acid N-((1R)-1-{N- 
[(lR)-l-benzyl-2-(4-hydroxypiperidin-l-yl)-2- 
oxoethyl]-N-methylcnrbaraoyl}-2-(biphenyl-4-yl) 
etliy 1 )-N-methylamide 

5 



HjN 




(2E)-5-Ajnino-3,5-dimethylhex-2-enoic acid N-((1R)-1- 
{N-[( 1 R)- 1 -benzyl-2-(4-hydroxypiperidin- l-yl)-2- ^ 
oxoelhyl]-N-methylcarbamoyl}-2-(biphenyl-4-yl) 
ethyl)-N-methy!amide 




45 



(2E)-5-Ainino-5-methylhex-2-enoic acid N-((1R)-I-[N- 
[(1 R)- 1 -benzyl-2-(4-hydroxypiperidin- 1 -yl)-2- 
oxoetliyI]-N-raethylcarbamoyl}-2-(2-naphthyl)ethyl)- 
N-mcthylamidc 




,315 Bl 

82 

(2E)-5-Ainino-3,5-dimethylhex-2-enoic acid N-((1R)-1- 
{N-[(lR)-l-benzyl-2-(4-hydroxypiperidin-l-yl)-2- 
oxoelhyl]-N-methyIcarbamoyl}-2-(2-naphthyl)ethy])- 
N-methylamide 




(2E)-4-(l-Aminocyclobutyl)but-2-enoic acid N-((1R)-1- 
{N-[( 1 R )- 1 -benzyl-2-(4-hydroxypiperidin- 1 -yl )-2- 
oxoethyl3-N-methylcarbaraoyl}-2-(2-naphthyl)ethy!)- 
N-methylamide 




OH, 



(2E)-5-Ammo-5-methylhex-2-enoic acid N-((1R)-1-{N- 
[( 1 R)- 1 -(4-fluorobeuzy 1 )-2-(4-hydroxypiperidin- 1 -y 1)- 
2-oxoethyl]-N-methylcarbamoyl}-2-(2-naphthyl) 
ethyl)-N-methylamide 




OH, 



F 
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(2E)-5-Aiiiiiio-3,5-dimeUiyIhex-2-enoic acid N-((1R)-1- . (2E)4-(l-Amiiiocyclobutyl)but-2-enoicacidN(lR)-l-{N- 
{N- [( 1 R)- 1 -(4-fiuorobeii2y])-2-(4-hydroxypiperidm- 1 - [( 1 R)- 1 -benzyl-2-(4-(dimethylamino)piperidin- 1 -y 1)- 

yl)-2-oxoetIiyl]-N-methyIcarbamoyl}-2-(2-naphthyl) 2-oxoethy]]-N-methyIcarbamoyl}-2-(2-naphthyl) 
ethyl )-N-meihylaniide etliyI)-N-metbylamide 




^ 20 
F 



(2E)-5-Aniiiio-5-methylhex-2-etioic acid N-((1R)-1-{N- 
(2E)-5-Amino-5-methylhex-2-enoic acid N-((1R)-1-{N- [(2R)-2-(4-hydroxypiperidin-l-yl)-2-oxo-l-((2- 
[(lR)-l-benzyl-2-(4-hydroxy-4-(2-Uiienyl)piperidin-l- 25 thienyl)methyl)ethyl]-N-methylcarbamoyl}-2-(2- 
yl)-2-oxoethyl]-N-methyIcarbamoyl}-2-(2-naphthy]) tiaphmy])ethyl)-N-metliylaniide 
ethyl )-N-tnethylamide 




(2E)-5-Ammo-3,5-dimethyihex-2-enoic acid N-((1R)-1- 
(2E)-5-Ainino-5-methylhex-2-enoic acid N-((1R)-1-{N- 45 {N-[(2R)-2-(4-hydroxypiperidin-l-yl)-2-oxo-l-((2- 
[(lR)-l-(3-hydroxycyclohexylcarbamoyl)-2- thienyl)methyl)ethyl]-N-methylcarbamoyl}-2-(2- 
phenylethyl]-N-methylcarbamoyl}-2-(2-naphthyl) i5apht!iyl)etliyl>-N-methylaiiiide 
ethyl)-N-methylamide 

50 
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H 3 C CHj 




OH, 



(2E)-5-Amino-3,5-dimethylhex-2-enoic acid N-((1R>2- 
(bipheny 1- 4- y 1 )- 1 - {N- [( 1 R)- 2-(4-hydroxypiperidin- 1 - 
yl)-2-oxo- !-((2-thieuyl)methyl)ethyl]-N- 
methylcarbamoyl}ethyl)-N-methylaiiiide 



H 5 C CH, CH 3 O 



CH, O 




OH. 



1IN 
! 

CH, 



CH 3 O 




-OH, 



86 



(2E)-5-Aniino-5-niethylhex-2-enoic acid N-((lR)-2- 
(bipheny]-4-yl)- l-{N-[(2R)-2-(4-hydroxypiperidiu- 1 - 
y 0-2-oxo- l-((2-thienyl)methyl)ethyI]-N- 
niethylcarbamoyl} ethyl )-N-methylamide 



(2E)-4-(l-Aininocyclobulyl)but-2-enoic acid ((1R)-1-{N- 
[( 1 R)- 1 -benzyl-2-(4-hydroxypiperidin- 1 -yl)-2- 
oxoethyl]-N-methylcarbamoyI }-2-(biphenyl-4-yI ) 
ethyl)amide, or 



15 



H-iN 




25 



(2E)-5-Methyl-5-metliylammo)hex-2-euoic acid N-(( 1 R)- 
l-{N-[(lR)-l-benzyl-2-(4-hydroxypiperidin-l-yl)-2- 
oxoethyl]-N-methylcarbainoyl}-2-(biphenyl-4-yl) 
ethyl)-N-trjethylamide 



and pharmaceutically acceptable salts thereof. 

30 

13. A method of treating growth retardation in connection 
with asthma, the method comprising administering to a sub- 
ject in need thereof an effective amount of a compound of 

3 5 claim 1. 

14. The method of claim 13, wherein the compound is a 
growth hormone secretagogue. 

40 

15. A composition comprising, as an active ingredient, a 
compound of. claim 1 together with a phannaceutically 
acceptable carrier or diluent. 

16. A method of stimulating the release of growth hor- 
mone from the pituitary of a mammal, the method compris- 

50 ing administering to the mammal an effective amount of a 
compound of claim 1 or a composition of claim 15. 

17. A method of treating growth retardation in connection 
55 with juvenile rheumatic arthritis or systic fibrosis, the 

method comprising administering to a subject in need 
thereof an effective amount of a compound of claim 1. 



* * * * * 



